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Preface

In this Lecture Series, the visual problems encountered during night operations are examined from several viewpoints. It is
considered important to distinguish between three essential aspects of this question i.e. the functioning of the human visual
system and the integration of this system with the other sensory systems, the technical systems designed to aid or temporarily
replace night vision, and the operational use of such systems.

These different aspects are dealt with in a series of lectures given by speakers world renowned in their respective fields.

The first part of this publication concerns sensory systems.

Physical stimulation enters the eye. It conditions the uptake of visual information. In-depth knowledge of this stimulation is vital
if we are to understand the limitations of night vision and the effects of the different operational systems on vision.

The processing mechanisms for visual data and the various visual functions are then developed and the limitations of the visual
system are presented. The integration of vision and the other sensory organs is dealt with in a special chapter. It is in fact the
integration of this multiplicity of data which produces the mental representation specific to any given situation. The situation
which concerns us is indeed specific, since we are dealing with night flight. A whole set of spatial orientation mechanisms are
required to adapt to this new situation. How then does the learning process take place?

The second part of the publication is technical.

Night vision aids or substitutes are in common use today. During the recent conflict they were responsible for the success of a
number of sp-ctacular missions.

Obviously, we must make a distinction between aids and substitutes. Aids embody the need for adaptation to night vision.

Substitutes quite simply replace this night vision (the functional capacities of which are very limited compared with day vision)
by a state which is close to photopic vision. It is close but it is not identical. In fact, substitute systems, whether in the form of night
vision goggles or infra-red cameras provide the pilot with a degraded image. The colour disappears, the image is monochrome.
The relatively low resolution causes difficulties in identifying targets or marks normally used during daylight hours. The field of
vision is reduced to central and paracentral vision. The cut-off of peripheral vision may result in sensor deprivation, and
difficulties of spatial orientation or localisation may be encountered. These phenomena will have a direct influence on the
various major visual functions, visual acuity or contrast vision (vision of shapes) perception of relief etc.

How are we to integrate these devices into the cockpits of aircraft and helicopters? What are the technical limitations which
pilots and physicians should be aware of? How are we to go about finding solutions for the future? These are just a few of the
questions discussed in the different chapters.

The third part concerns operational use.

It is the task itself that we must analyse. What are the operational requirements of a pilot flying a night mission? Is night flight
simply day flight performed under degraded conditions of visibility? Evidence of actual experience is provided by the pilot in
the lecture series team.

These multiple facets are examined by means of a variety of approaches and sensibilities: physiologists, psychologists, pilots and
ergonomists all make their contribution. It is from this wealth of points of view that the limitations of such systems will be
deduced and solutions envisaged in technical and operational areas, as well as in the field of user training.

Doctor Jean-Pierre Menu

Professor of Aerospace Physiology and Ergonomics
Lecture Series Director



Preface

Les problmes visuels rencontres dans les operations de nuit sont abordes ici selon differents points de vue. 11 est en effet
important de dissocier trois aspects essentiels: le fonctionnement du syst~me visuel humain et l'intigration de ce syst~me avec les
autres systimes sensoriels, les systemes techniques d'aide ou de suppl~ance ýi la vision nocturne, leurs utilisations
op,6rationnelles.

Ces differents aspects sont pr~sent~s au cours de plusieurs conferences effectu~es par des orateurs mondialement connus dont
la notori~t6 nWest plus ý plus ý fair dans leurs domaines respectifs.

Le premier volet concerne les s):'times sensoriels.

La stimulation physique p~netre dans l'oeil. Elie conditionne la prise d'informations visuelles. Une connaissance parfaite de
cette stimulation est indispensable pour comprendre les limitations de la vision nocturne et les effets des diff~rents syst~mcs
operationnels sur la vision.

Les mecanismes de traitement d'informations visuelles, les differentes fonctions visuelles sont ensuite developpe6es. Les
limitations du systeme visuel sont pr~sent~es. 12int~gration entre la vision et les autres organes; des sens fait I'objet d'un chapitre
sp~cialis6. En effet c'est de l'integration entre ces multiples informations que nait la representation mentale spcifique ý une
situation. Or cette situation est bien particuli~re puisqu'il s'agit du vol de nuit. L'ensemble des m~canismes d'orientation dans
l'espace doivent s'adapter A cette nouvelle situation, comment se fait l'apprentissage?

Le deuxi~me volet est technique.

Les moyens d'aide ou de suppleance A la vision nocturne sont de nos jours couramment utilises. Lors du dernier conflit elles ont
6t6 a la base de la r~ussite de missions spectaculaires.

11 faut bien evidemment differencier les aides des suppleances.

Les aides conservent l'adaptation de la vision nocturne.

Les suppleances remplacent purement et simplement cette vision nocturne (dont les capacit~s fonctionelles sont beaucoup plus
faibles que la vision de jour) par un 6tat qui se rapproche de la vision photopique. 11 s'en rapproche mats ii nWest pas identique. En
effet les syst~mes; de suppl~ance, que ce soit les jumelles de vision nocturne, les cameras infra rouge, fournissent au pilote une
image degradee. La couleur a disparu, l~image est monochrome. La resolution relativement faible engendrera des difficult~s
d'identification de cibles ou de rep~res couramment utilisis en vision de jour. Le champ visuel est reduit a la vision centrale et
paracentrale. L'amputation de la vision periphnrique peut se traduire par une deprivation sensorielles et des difficultes
d'orientation ou de localisation dans l'espace peuvent se manifester. Ces elements retentiront directement sur les differentes
grandes fonctions visuelles, acuite visuelle ou vision du contraste pour la vision des formes, perception du relief.

Comment integrer ces moyens techniques dans les cockpits des a~ronefs, avions ou hnlicopt~res? Quelles sont les limitations
techniques que pilotes et medecins doivent connaitre? Comment peut-on envisager les solutions d'avenir? Autant de questions
qui sont discutees au cours des diffirents chapitres.

Le troisi~me volet concerne l'utilisation op~rationnelle.

C'est la tiche elle-mime qu'il faut analyser. Quels sont les besoins operationnels du pilote en mission de nuit? Le vol de nuit est-il
un vol de jour en conditions de visibiliti d~gradee? Des experiences v~cues sont fournies par le pilote de 1'6quipe.

Ces multiples facettes sont traitees selon differentes approches et sensibilites: physiologistes, psychologues. pilotes, ergonomes
apportent leurs expe6riences. C'est de la richesse des points de vue que seront extraits les limitations de tels syst~mes et envisag6
des solutions tant au niveau technique et operationnel que de la formation des utilisateurs.

Docteur Jean-Pierre Menu
Professeur de Physio'ogie et Ergonomie Aerospatiales
Directeur Lecture Series



Abstract

The aim of this Lecture Series is to provide the aeromedical specialist with a thorough understanding of the physiology of the
visual system with particular concentration on the impact of the environment presented during night tactical air operations.

Methods to preserve, protect or enhance unaided night vision will be discussed.

Information concerning visual performances with electro-optic devices derived from aeromedical research and field
experiences will be detailed to provide the medical specialists, the engineers and operational pilots with appropriate
understanding of these increasingly common operational tools.

This Lecture Series, sponsored by the Aerospace Medical Panel of AGARD, has been implemented by the Consultant and
Exchange Programme.

Abrege

L'objet de cc cycle dc conferences cst de prtsentcr aux sp&ialistes airomtdicaux un expose complet de la physiologic du

systime visuel, tout en soulignant l'importance de rimpact du milieu ambiant lors des missions tactiques nocturnes.

Les methodes proposees pour la protection ou I'amdlioration de la vision de nuit naturelle seront discut6es.

Des informations seront fournies sur les performances visuelles obtenues au moyen de dispositifs electro-optiques, avec des
exemples issus de la recherche acromtdicale et de I'cxptricncc operationnelle, afin de permettre aux sp~cialistes mtrdicaux. aux
ing6nieurs et aux pilotes de comprendre ces outils op~rationnels qui sont de plus en plus sollicit6s.

Ce cycle de conferences est pr~sent6 par le Panel AGARD de MWdecine A6rospatiale; et organis6 dans le cadre du programme
des Consultants ct des Echanges.
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NIGHT OPERATIONS

William E. Berkley, Colonel, USAF, MC, CFS
Director, Night Vision Programs

Aircrew Training Research Division
Armstrong Laboratory

Williams AFB, Arizona 85240-6457

INTRODUCTION mounted and much smaller and lighter than the first
generation devices. The first experimental

Strategists have long sought to exploit the attempts to exploit these NVGs for aviation
night in military operations, not only to avoid occurred at least as early as 1971, but it was not
detection and as a means to defeat visually or until 1975 that their true potential was recognized
optically aimed weapons, but also to deny the enemy and they were adopted for cockpit use.
an opportunity to rest or resupply his troops.
With the advent of practical and effective imaging The third generation (Gen III) NVGs appeared
devices, true night war fighting capability has at in the early 1980s. For the first time, a device
last become a reality (as demonstrated in the (the AN/AVS-6 or ANVIS-6 goggle) was designed
recent Gulf War). It is safe to assume that night specifically for aviation (helicopter) use. These
military operations will receive even more emphasis NVGs had a much improved helmet mount, provided
in the future. Current aviation activities range better resolution and had considerably greater
from basic single pilot helicopter operations with capability at lower light levels than Gen II
night vision goggles (NVGs) to complex missions goggles. Now available in a variety of different
utilizing a mix of highly sophisticated aircraft designs for different applications and aircraft
with multiple sensors, precise navigational types, the Gen III goggle is the current mainstay
capabilities and advanced weapons delivery systems. for military aviation.

BACKGROUND Although initially used exclusively in
helicopters, NVGs are now seeing service in all

Radar types of military aircraft. The first extensive
combat experience with NVGs occurred during the

The first "imaging device" employed in Falklands War where they were employed by the
military aviation was a radar bombsight used British.
extensively during World War II for strategic
bombing. Quite crude by present standards, it did Night Vision Goggle Design Considerations
permit a non-precision delivery of bombs at night,
or through cloud cover. Aircraft interception Although the ANVIS-6 is by far the most
during darkness also began in World War II with the common goggle employed for aviation purposes, large
inception of air-to-air radar systems, which numbers of Gen II devices are still in use and
despite their limited capabilities, were used by other NVGs have been designed for specific
both the Allies and the Luftwaffe with modest applications. Night vision goggles are classified
success. as either Type I or Type II (Figure 1). The Type I

NVG, typified by ANVIS (Figure 2), has "direct
Since the Second World War, radar systems, view" optics. The Type II design incorporates a

both air-to-ground and air-to-air, have been folded optical pathway and utilizes a combiner
steadily improved and employed in a wide variety of block to present the image to the eye. The British
strategic and tactical aircraft. Highly made Cats Eyes are the most widely used Type II
sophisticated radar systems are responsible for the goggle (Figure 3).
majority of our present day all-weather
capabilities. Image

Intenslfer
Image Intensification Objective Tube EyePlece

The earliest devices which provided "night

vision" were the infrared (IR) sniper scopes, also
of WW II. These devices, despite their various F i
limitations, afforded the military a more or less
covert night imaging capability for the first time.
They had the disadvantage of requiring an infrared TYPEI
source for illumination (irradiation). This not
only limited their effective range, but also made
them easily detectable by an adversary equipped Iniage
with a similar device. Intensffier

objec~w Tube

A "first generation" (Gen I) image
intensification device, the Starlight Scope, saw
limited aviation service in the Viet Nam War,
primarily in Forward Air Control (FAC) aircraft.
These devices were capable of intensifying ambient
illumination and did not require a separate source
of infrared energy as had the WW II infrared "".
scopes. However, they were hand held and much too
large and heavy for effective cockpit use.

ComNner Block
In the early 1970s, second generation (Gen

II) night vision goggles (NVG) became available. TYPE2
Intended for ground troops, primarily truck and
tank drivers, they were binocular in design, head Figure 1. Types of Night Vision Goggles
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Figure 2. ANVIS-6 Night Vision Goggle Figure 4. Unaided Field of View with

The Type II design was developed for

fighter/attack aircraft to permit direct viewing of
FLIR imagery presented in a Heads Up Display (HUD). Forward Looking Infrared
This is desirable because it obviates any
degradation of the FLIR picture by intensified The other primary group of night imaging
imagery. However, a direct viewing capability is devices, forward looking infrared (FLIR), emerged
essential in some aircraft because the HUD is not during the Vietnam era and utilizes a completely
visible with an NVG (a function of the wavelength different type of technology. NVGs image visible
of the HUD phosphor). Without the direct viewing light and near infrared energy reflected from the
capability, a pilot would be forced to look around surface of objects (reflective contrast). FLIR
his goggles to see the HUD. technology is based on the fact that all objects

warmer than absolute zero emit "heat" in the form
Another important advantage of the Type II of infrared energy. The rate of emibsion, or

design is the fact that the combiner is not only radiation of this thermal energy differs depending
relatively transparent, it is significantly smaller upon the composition of the object. A FLIR image
than the tube assembly and thus results in less is simply a computer generated picture based upon
obstruction of the unaided FOV (Figure 4). This the differences in the rate of emission of infrared
particularly enhances the pilot's ability to see energy by the objects in the scene (thermal
inside the cockpit to monitor essential flight contrast).
instruments, an especially important feature in the
high speed, highly dynamic flight regime of FLIR is capable of discriminating between
fighter/attack aircra't. adjacent objects with temperature differences of as

little as one degree, and can even differentiate
objects of the same temperature if they-emit energy
at different rates. FLIR systems, like radar, are
much larger and heavier than NVGs, necessitating
that they be aircraft mounted as opposed to helmet
mounted.

NVG/FLIR INTEGRATION

Because NVGs and FLIR are sensitive to energy
of different wavelengths (visible light and near
infrared of 0.6-0.9 microns for NVGs versus far
infrared at 8-12 microns in the case of FLIR), and
the atmospheric transmission of energy varies as a
function of its wavelength, the two types of
systems are complimentary. That is, each can
function well under certain conditions in which the
other does not. For instance, NVGs are much more
effective in humid conditions, and FLIR is much
more effective in conditions of smoke, haze or
brownout. Having both systems is highly desirable
because it affords a capability which is much
greater than that provided by either system alone.

Newer FLIR designs (Gen II FLIR), have better
resolution, incorporate smaller, less complex
hardware and are sensitive to energy in the mid
infrared range (3-5 microns), making them less
affected by moisture.

Figure 3. Cats Eyes Night Vision Goggle
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VISUAL CHARACTERISTICS OF NIGHT VISION DEVICES spatial orientation. However, the specific
physiologic costs of this active scan include

Both NVGs and FLIR have monochromatic images increased pilot task loading and physical fatigue.
and are limited in resolution and field of view,
all of which constitute significant deficiencies The effect of limited FOV in fixed FLIR
when compared to normal day vision. For instance, systems is especially bothersome. The image's
monochromatic imagery obviates the use of color relative small size (30 x 40 degrees or less) and
contrast, an important modality for object immobility result in an effect not unlike that of
detection and recognition. having to fly the aircraft while looking through a

keyhole. Thus with fixed FLIR, situational
Resolution awareness can be quite impaired and the potential

for spatial disorientation is markedly increased
Although resolution can be described in a compared to normal day or NVG aided vision.

number of ways, visual acuity facilitates However, even a fixed FLIR dramatically improves
comparisons in operational terms and is the situational awareness when compared to unaided
terminology that most people are familiar with. night vision.
For purposes of this paper, resolution will be
discussed in terms of Snellen acuity. Best visual Even though most fixed FLIRs can be slewed
acuity with NVGs is usually about 20/40, although within modest limits, and turreted FLIRs have a
more and more we see goggles capable of providing wide field of regard, the operator can become quite
vision of at least 20/35. These levels of acuity disoriented because of the relatively small FOV of
are characteristic of relatively high levels of the image and the fact that the sensor may not be
illumination (typically under controlled laboratory pointed in the same direction as the viewer's gaze.
conditions), that are rarely achieved in the Heao steered systems alleviate this problem, but
cockpit. are very complex and expensive in comparison to

NVGs or fixed FLIR.
Not only are lower light levels more

frequently encountered in actual operaticnal
conditions, but goggle acuity can also be adversely Symbology Injection

affected by incompatible sources of cockpit The addition of symbology to depict essential
lighting and/or windscreen transmission losses, flight information is currently being employed to
Even under laboratory conditions, goggle a limited degree in the form of the so called NVG
performance will be degraded enough to yield only HUD (Heads Up Display). This device has met with
about 20/80 vision at a light level equivalent to limited success, primarily because it was fielded
mean starlight. The resolution of most FLIR without adequate training for users or maintenance
systems is theoretically comparable to that personnel. It also increases head supported
obtained with NVGs at high:er illumination, but weight, moves the center of gravity further forward
resolution varies depending upon display size and and requires routing a relatively heavy and
modality (e.g. heads up display versus cathode ray inflexible cable to the helmet. A potentially
tube). Actual readability is affected by both important effect of these devices is a tendency to
display size and location. Some targeting systems produce slight minification of the terrain,
with small fields of view are actually capable of increasing its apparent distance from the aircraft.
resolution which permits acuity comparable to This phenomenon has been observed with conventional
normal day vision. aircraft HUDs as well, but the true significance

It is important to remember that visual has not yet been established. The extent,
acuity of 20/40 is only one half as good as normal physiological mechanism and operational importance
20/20 day vision, but is five times better than the of this illusion are all currently under
best unaided night vision (20/200 to 20/400 investigation.
depending upon the illumination level). Although
the vision afforded with NVGs or FLIR provides a OPERATIONAL CAPABILITIES
significant enhancement in operational capability,
the acuity provided does not permit the employment The single most important contribution
of true daytime tactics. This is because the provided by night vision devices is a vast
limitations in resolution have an adverse effect on improvement in situational awareness and spatial
altitude, distance and depth perception, as well as orientation. This translates directly to the
target detection and identification ranges. For following operational capabilities:
example, an object visible at 20 kilometers with
20/20 vision would not be seen beyond 10 kilometers 1. Enhanced maneuverability. Permits
with 20/40 vision or 5 kilometers with 20/80 terrain masking, terrain avoidance and threat
acuity. Although obvious in this discussion, the response not possible with unaided night vision.
effects of this limitation in vision are not Enables the use of tactics more nearly like those
readily apparent to the aviator during flight, employed in daytime. NVDs are far superior to
This is a significant problem which will be forward looking radar alone, even with automatic
described in some detail in a subsequent paper. terrain following. Allow "nap of the earth"

flight.
Field of View

2. Enhanced navigation. Ability to "see"
Currently available NVGs typically have a the terrain and visually identify landmarks.

circular field of view (FOV) ranging from 30 to 40
degrees, with a maximum of 45 degrees. This is 3. Target acquisition and weapons delivery.
much less than the roughly 200 degree horizontal x Affords a capability to visualize the target area
120 degree vertical FOV afforded by the unaided and employ tactics not otherwise possible at n1ight.
eye. Since spatial orientation is primarily a Significantly augments other weapons system
function of peripheral vision (the ambient visual capabilities.
system), the limited FOV of NVDs significantly
affects this capability. To compensate for the 4. Threat detection. The ability to see the
deficient FOV, a pilot using NVGs must maintain an surroundings and detect gunfire or missile launches
aggressive scan to increase the effective field of can be dramatic.
regard, thus enhancing situational awareness and
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5. Multi/mixed aircraft operations. Fixed Wing, Multiengine Aircraft
Capability to employ multiple and dissimilar
aircraft is significantly enhanced. Makes mission This category includes everything from small
escort possible. utility aircraft to bombers and large transports.

Many NVG missions flown in utility and transport
6. Night air-to-air operations, aircraft are in support of various special

Capabilities are markedly expanded. Allows some operations. Systems are comparable to those found
degree of mutual support. in the more sophisticated helicopters. Low level

flights (100 to 2OO meters) are commonly conducted.
7. Covert operations. Devices are non- Airspeeds vary with the specific aircraft.

emitting. Inflight refueling is often involved.

OPERATIONAL LIMITATIONS Bombers may fly particularly long missions,
including low level segments which are NVG aided.

1. Visual meteorological conditions only. Aircraft systems, altitudes, airspeeds and flight
NVDs do not provide an all weather capability (do operations are essentially the same as for daytime
permit under the weather operations), flights.

2. Ambient illumination. Capability of NVGs Fighter/Attack Operations
without FLIR or other complimentary systems is Perhaps both the challenges and the benefits
limited in conditions of very low ambient light, of NVG flight are greatest in the fighter/attack
Cultural lights, fires, flares, explosions and moon world. This is because of the very high airspeeds,
position all affect NVG employment/tactics, highly dynamic and, at times, low altitude flight

3. Limited FOV and resolution. Direct regimes characteristic of these operations. Both

effect on target acquisition/identification and single and dual seat aircraft are employed. A
weapons delivery capabilities. "night attack system" as propounded by the US Navy

includes NVGs, a FLIR with HUD display capability
4. Takeoff and landing restrictions, and a digital moving map. This is in addition to

Potentially hazardous for aviators using NVGs in the usual radar, navigation and weapons delivery
ejection seat aircraft. systems. Airspeeds typically vary from 240 to more

than 500 knots (440 to 900+ kilometers per hour) at
5. Human limits. Although NVDs dramatically altitudes of several thousand meters down to 100

increase the aviator's situational awareness and meters or less.
overall capabilities in darkness, these advantages
have also been employed to significantly expand the The enhancements in navigation, target

scope of night missions. The result is that even acquisition, threat detection and maneuverability
though the devices enhance our capabilities, night are particularly important to single seat pilots,
operations have simultaneously become increasingly for whom task saturation can be a serious problem,

demanding and complex. In fact, pilot task loading even during daytime. The ability to see the terrain
is often increased rather than decreased in NVD and the resulting contribution to spatial
missions. Sensor integration and improved human orientation is particularly important during any

factors designs are needed to reduce cockpit work phase of flight in which dynamic maneuvering is

loads and to make further advances in our required.
capabilities. CONCLUSIONS

NIGHT OPERATIONS Military aviation has literally been

NVD aided night activities cover a broad transformed by the introduction of night vision
spectrum ranging from very basic single ship, devices. The total impact of NVDs has probably
single pilot, NVG helicopter operations to highly been greater than that of any technological advance
complex missions which involve numerous aircraft of since the development of the jet engine. It is
different types, equipped with a wide variety of very likely that within only a few years, all
"night systems." Although helicopter operations nighttime military flying will be conducted with

still comprise the majority of NVG utilization, night vision devices.
NVGs, FLIR and/or radar systems are now employed, It is not an exaggeration to state that the
at least to a limited degree, in virtually every capability to conduct nighttime operations that is
type of aircraft in the inventory. This includes afforded by NVDs has literally revolutionized
all types of rotary wing, utility, transport, warfare. Certainly the Gulf War was a convincing
bomber and fighter/attack aircraft, demonstration of an overwhelming military advantage

afforded by this technology. However, current
Helicopters devices are still relatively limited in performance

For all practical purposes there are no and human interface characteristics.
unaided night rotary wing operations in the US A helmet mounted display providing terrain
Military. Virtually every helicopter in the imagery and flight parameters plus a comprehensive
inventory, from the smallest and most basic to the off-boresight capability for ranging, navigation
largest and most complex, is flown with NVGs and/or updates, targeting and weapons delivery would be
FLIR. Complimentary systems include terrain highly desirable. As technology progresses, we
following radar, sophisticated navigation systems should be able to expect significant gains in many
(some with Global Positioning System), moving map performance characteristics, especially resolution
displays and on board mission computers. Mission and FOV, with systems of even smaller size and
profiles range from nap-of-the-earth flight weight. Ultimately we should see multisensor
conducted a few meters above the ground, to heavy systems with fused imagery presented in light
airlift (including slingload) operations, to highly weight, full color, helmet mounted displays.
dynamic attack missions. Airspeeds vary from 10
knots or less, to more than 150 knots (20 to 275 With the inevitable advances of technology
kilometers per hour). Sortie lengths can exceed 10 and our understanding of human factors, future
hours. Inflight refueling is routinely conducted systems with undreamed of capabilities should be
by some organizations. realized.
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ASPECTS PHYSIQUES DU STIMULUS VISUEL
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Resume:

Les diff 6rents aspects physiques et psychophysiques du s'etend de 450 A 650 rnm. Cette gamme de longueurs d'onde

stimulus visuel sont envisages. 11 s'agit de definir le plus est appelte lumiere. Elie stimule select ivement le systeme

precisement possible In stimulation physique d'entree dans le visuel de I'homme.

systeme visuel (nature des rayonnements. intensite lumineuse,

coulcurs et organisation dans l'espace et le temps). 11 est 100 200 3W I 4001 o NO WO70O

souvent difficile de dissocier 1 aspect physique de l'aspect ~ -- ulrvoe Vi ibis Infraouleg - 10m

psychophysique. Ce dermier aspect traduit l'impact de 1 aspect -

physique sur Ia prise et le traitement d'informations tout au
Ra~agoom floeas Itara-TV-11odio

long de I& voic visuelie. 11 eat par consequent important de RvO am acs

definir le plus precisement possible le fonctionrement du 101 101 01 0- 061-11021 0

captur retinien. Lea mfcanismes d'integration d'informations -

seront decrits ultericurement. La structure physique des Figure 1 : Spectre des rayonnements electromagzietiques

images de plusieurs syutemes de suppleance A In vision

nocturne est analys~e. En physique, deux theories existent pour caract~riscr lea

rnyonnements electromagnetiques: une theorie de mecamique
Introduction: ondulatoire (rayonnement de longueur d'onde precise) et une

Comment d~fimir, caracttriscr, quantifier, mesmw lerI theorie quantique, corpusculaire. Chacune de ces deux
stimulus visuel It De quelles metbodes dispose-t-on pour theories peut ewre utilisee alternativement en fonction des
&valuer lea intensites lumincuses, lea couleurs et surtout Ia besoins.

structure d'une image complexe comme on en rencontre de La thorie ondulatoire est habituellement Ia plus
jour comme de nunt et dana lea appareillages de visualisation employee au niveau du systeme visuel. La theorie

nocturne ? corpusculaire n'eat utilisee que pour Ia transduction de6nergie
Des rappels relativement simples doivent etre effectues au niveau des photorecepteurs. La theorie quantique est bas~e

pour mettre en place lea elements lea plus pertineni. Ce sont sur l'existence de photons dont le6nergie est donnee par
eux qui constitueront lea bases physiques et psychophysiques l'expression: h x v. h est I& contente de PLANJCK et v is

sur leaqueia rcientiromt tous lea systemes daside i Ia vision frequence de In. radiation.

nocturne ou au vol de nuitt. Noua reprendrons lea plus utiles a Plusicurs questions se posent quant A 1 analyse de ces
une bonne comprehension de [ensemble; Is plupart ont deja rayonnements par le systeme visuel.
fait l'objet de multiples publications qu'elles soient Comment l'ensemble du systeme visuel analyse-t-il et
relativement fondamemtales (Marr 1982. Menu et Corbe ntetgre-t-il letnergie du rayonnemcnt incident?9
1991) ou plus appliquees au domaine de I'aeronautique Comment peut-il egalement prendre en compte I&
(Buff et Col., 1986. 1988). longucur d'onde et Ia traduire sous forme de couleurs ?

Pour repondre it ces deux questions ii convient
I Le rayonnieOenz &lectrOmALgnetigu d'envisager Ic passage d'un domaine physique A un domaine

Lensemble des rayonncments electromagnetiques ou psychophysiologique.

spectre (figure 1) eat habitueliement indiquk sous forme d'un Le domainic physique eat celui de Ia radiom~trie; celui de
axe en fonction des lougueurs doande, depuis lea plus courtes Is psychophysiologie eat celui de I& photocolorimetrie. Chez
(rayons X) jusqunaux plus tlevees (infra-rouge. ondes radio). Ihbomme Ic passage du premier domaine au second eA

Le rayonnement visible ne represente qu'une petite realisable en introduisant Ia fonction de tranafert globale du
fenetre ouverte dans [ensemble de cea rayonnelttdfts; ii syst~me visuel face A ces rayonnements de differenes
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longuetirs d'onde. En effet, lefficacit* du systeme visuel n'est
160000

"40000 u.ui
120000ft faut. avant tout, definir lea terones de radiomeajre et de
100000 --

pbotomawrie. Ces differents termes sont indiques stir le tableau bo0000

1 avec leurs unites et Is correspondance des tins aux atitres 00000 Z' .0k~' 1

dans lea domainea respectifs. 20000 WOOSCao

2 Ananuomohicrologie de as voie visuelle 7 20* Wo50 4W W 20W Wo wa 2W W 3'W W0 W0 W0 SOM

HI est easentiel pour bien comprendre A quci correspond

un stimulus visuel de mettre en place lea elements dui captelir Figure 3: Denaitt dea photoracepteurs avec I excentricitt

en precisant ce qu'ils peuvent analyser.

Le capteur de Ia lumiere est situe aui niveati de Ia rtatlflC Ces difftrences histologiques auront un retentisaement

a"ra que celie-ci ait traverse lea milieux tranaparenta de I'el swi lea fonctions vistielies. Lea photoreceptetirs naastirent pasa

Une coupe histologique de Ia retine met en place lea uniquement Ia prise d'information initiale. mais dejk tin codage

elements Constirutifa (figure 2). et tin premier traitement de l'information captee (le fait d'etre

senaible A tine longuetir d'onde et non A une autre est deja en

aoi tin premier traitement et codage d'information).

Lea deuxiemea cellules intereaantea pour le traitement

d'iaformation au niveau de Ia retine sont lea cellules

C a C~ B C~ C ganglionnaires. Ce sont leurs axones qtii constituent lea fibres
du nedf optique.

Lea celiules ganglionnairea vehiculent lea influx nervetix

ap tranamis par tin nombre plus oti momns important de celiulea
BP BFBP BPbipolaires et par conaequient de phobor*cepteurs. Le nombre de

A A Photorecepteus, et Is region de 1 espace pour laquelle une

cellule ganglionnaire repond est appellee champ recepteur de

cette cellule ganglionnaire. Leur tailie ear variable avec

l'excentricite retinienne. Lea champs lea plus petits sant sitties

en vision centrale. Plus l'excentricitt recinienne augmente.
plus lea champa recepteura sont 6tendua. It s'agit alora d'une

integration spatiale d'informationa: lea champs lea plus grands

Figure 2: Coupe histologique de Is retine integreront. I& lumiere dans l'ensemble du champ. L'excitation
de Ia cellule ganglionnaire n aura lieu que si tin potircentage oti

Seul l'aspect fonctionael de I'enaemble doit &re aborde. uerpriinchrnedn ecapi trait

Les photoreceptetirs sont les cellules specialisees dana Ia En foaction de leura caracteristiques histologiques et

transduction, transformant tine energie physique lite au e-lectrophysiologiques et A partir des etudes de

rayonnement lui-meme en tine energie Clectrique, lea potentiels neurophysiologie menees stir l'animal, plusietirs types de

d'action. Lea cOnes et lea bitonneta ont non seulement dea celiules ganglionnmires doivent etre distinguees: cellules de

sensibilites aux longuetirs d'onde differentes, minis atissi des type X, Y oti W .Leura proprietes respectives sont indiquees

senaibilites differentes en energie (les bitonnets dont lea asl tbeu2

articles externes sont plus longs, captent plus de photons que ________ TIN6 X TYPO. TipaW

ceux des c~nes). La densitt et Ia repartition dea c~nes et dea LIS&Sim " NOrisuire

bitonneta eat egalement differentes avec l'excentricite MWiF-- -m----
rdtinienne: lea c~nes oat tine densite maximale en vision LocuuatlsolmrMifniaen central. Ubiqufitah tonhi.

centrale; lea bitonnets oant tine densitt maximale vera 10 a 20 Tatk wdacamp recopt~q 0,2e 4 0,2!V

Viltseieadoac"eion i 1523 m,% 30640m,, 2618m/s

degres d'excentricite (Figure 3). Po.tncrlI UFNiU*Mfl Swir Wm
sor air* 17i at air* wIs

Tableau 2: Proprietes des cellules ganglionnaires
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Ce tableau pr~sente de maniere tres synthetique et par Is A partir des travaux de Coblenix et Emaerson (1918)
meine sflrement excessive l'ensemble des carateristiques qtie en 1921 Is C. I. E. a 6tab li tin observateur de r~ftrence. La

diff~rents atiteurs oat po isoler. Stur tin plan psychophysique, cotirbe d'efficacite luminetise relative (oti V Lainda) traduut Ia
avec Toihurst deux systtmes de transmission de sensibilite du systtme visuel atm diff~fientes longuetirs d'onde

l'information peuvent etre difftrencits: tin systeme tonique et (Figure 4).

tin systkme phasique.

Le canal tonique aurait comme support Ia voie utilisant 1'0 /

les ceilules de type N. H predomine en vision centrale et/

intervient pour beaucotip dama Ia discriminat ion fine des: \
objets. /0,5

Le canal phasique aurait les cellul-s de type Y pour

support neurophysiologique. It est prepondtrant en vision

paracentrale et peripherique. Son role serait de detecter 0 L

l'apparition d'un evenement nouveau dans Ia partic Ia plus IM__

periphtrique du champ visuel. Le mouvement, en particiilier Figure 4 : Courbes d'efficacite lumincuse relative
par sa composante dynamique. eat lautribut du monde

physique le plus pertinent. La courbe d'efficacite luminetise relative a &te 6tablie en
Ainsi des les cellules ganglionnaires, organmstes en vision de jour oti vision photopique (intensit6 luinineuse

voies oti systhmes sp~cifiques, l'information extraite par les superietire A 10 cand~las par m2). Par Ia suite, Ia sensibilite
photorecepteurs cat dejA mise en forme. Le traitement initial a dans lc domaine scotopique a 6galement ete etablie. Cette
debute des cc niveati consid&rA autrefois comme peripheriquc. courbe doit ftre utilisee pour toutes les mesures de lumidre
Ccute mise en forme est essentielie pour I ensemble des effectuees en vision nocturne quand lintensite lumineuse est
grandes fonctions visuelies que sont Ia vision des detils, Ia inferietire A 10 -3 cd/m2. Pour les intensites lumineuses
vision des couleurs... intermediaires, appartenant aui domaine de Ia vision

Aprds les relais dana les structures les plus profondes du mesopiqtie. bien que beaucoup deitudes soient men~es
tronc c~rtbral, des voies directes vkhiculent les influx nerveux actuellement, il n'existe pas encore de courbe d'efficacit6
vets les aires crerbrales visuelles primaires. Au niveati des lumineuse relative adaptke A cc type de vision. 11 s'agit donc
aires associatives, des projections des autres systemes d'un domaine visuel difficile A uitiliser, car assez mal
sensoriels conjuguent leurs informations. Au delA. meine si caractenis6et qualifiA. Par ailleurs cette courbe a Wt etablie en
des travaux de neurophysiologie sur Ia m~inorisation des vision centrate. Elie ne sera donc valable et applicable que
evfeneients ont monra* l'intervention de structures cerebrales dans ces differentes conditions.
profondes, les donn~es objectives dont on dispose A l'heurc

actuelle sont encore limitecs. On retrouve It encore 4 L& colorim~trie on Is couleur etina mesmr
l'opposition entre thkories localisationniste et connectionniste. Alors que Ia photometric traduut leffet de le6nergie d'un
Les travalux les plus recents remettent menic en question rayonnement, Ia colorim~trie evalue le contenti en longucur
completement ces localisations de Ia memoire (Rosenfield d'onde, cc quc Von noatme communkment swas le teame de
1988). Seules des techniques de psycbologie cognitive couleur.
proposeni tin module fonctionnel 4es etapes ult~nieures dui La couleur n'existe pas dana le monde reel phyiqe qui
traitement d'information. notis entoure. Elie restilte de l'integration par l'ensemble des

Dana lexecution d'une tAchc precise, scule une zone mecamismes du systeme visuel (depuis les photorecepteurs
relativeinent limit~e de Ia meinoire globale est activte, Ia jusqu'atx centres nerveux les; plus stipericurs) des differentes
memoire de travail. Les informauions contenuc dana cette longucurs d'onde sur chaque structure.
sous-parte de Ia memoire ne soat accessibles quati moyen de Connie pour Ia photometric, deux aspects doivent ftre

techniques partictulieres de psychologie cognitive. L'expentise distingues, connus et mis en relation: un aspect physique et un

extrait les connaissances et leurs regles d'utilisation pour tine aspect psychophysiologiquc. Pour chacun d'entre eux une

tAche particuliere (Sperandio- 1984). couleur se dtfinit si I'on a precise trois notions indispensables.

II n'y a pas de couleurs et stirtout de communication de

3 La phftomitrie coulcurs sanm definition aiussi precise que possible de chacun

La photometric traduut Is sensibiltet du systibme visuel A des rtrois termes. Plutot qu tine description theorique de

lenergie vehiculee par chacune des difftertes longucurs chaque terme, Ic tableau 3 indique chacun d'entre cux avec

d'onde du rayonnement incident. leurs relations en fonction du domaine considere, physique oti

psychophysiologique.
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-Ps~ycaqphysie ef allss de coaip~war sOp

Tableau 3: Correspondance enire les aspects phyuiques et AIUMAZL:

psychophysiques de is couleur D'autros methodos de comparaison de couleuns utiliseat
Is, comparaison A laide de sa vision per rapport A des

Physique Psychopbyuique 6chantillons de reference. La subjectivite de l'observateur oat;
importnme. Les conditions de6clairago des ech-anillans doit

Longumdon~8cde dominamte Teinto etre rigoureuse au risque de modifier l'apparence des couleurs.

Luminance Luminositt En general cei m~thodes sont reserves A des sources

Pureo cotorimettrique, Saturation secondaires de lumiere. Diffbrents systemes existent en

fonction des parametres pris en coinpte (exemple de latlas do

Quite ces definitions les deux aspects physique cii Munichl).

psychophysiologique sooit Isa base do tnethodes de mesures et

do comparaisons des contours. S La structure spatiotemikorelle

De manitre synthetique. ces notions peuvent etre Auparavant, settle lIintonsitk tumineuse globale cii

restumees par los deux: points suivants: fragmentaire ainsi quo la contour do differentes plages ont 6L6

- Phpmfw etfl&af'Ie &Y coulear C Z E. envisagbees. Pour consituor Vintage efficace A partir do laquohle

A partir essentiellensont, des donnkes physiques et de le systeme visuel pourra effectuer des traitements particuliers

physiologic de la vision des couleurs, la C.I.E. a d~flni en du type reconnaissance de formes, des informations

plusiours occasions des sytemes de representation des specifiquos sur Is. tailie des elements constituuufs do l'inage

conleurs. Nous no d~velopperons pas ici Ia. demarcho doivent etre pris en compto. On pout abcrs veritablement parlor

experimozntale, suls los rtsnlatsu sont. present~s sur un mode d'organisation dans lespaco do la lumiere.

pratique, A savoir lutilisation d'une m~thode de comparaison 5-1 Strcture spatiale:

des couleurs. Les couleurs appartionnent A un volume L'acuite visuello fut la premiere approcho permettant
complet. Une coupe dans ce volume perpendiculairement At d'apprecier le pouvoir do discrimination le plus fin dui systeme
laxe des intensites lutminenses pent etre materialisee sous la visuel pour des contrastes maximum d'un element A lautre do

forme du triangle des couleurs normalise une premiere fois en. l'image.
1931 (vision photopique et champ d'observation do 2 dogrts). Mini Ia notion d'acuit6 visuello est utrs limitative. Eieo
Tout est base sur des mesures physiques des coulours do la jiest applicable quo dans; ce cas de contraste maximum pour

source luminonse, qu'efe soit primaire ou socondaire. A paruar des details do ttes petite dimension. Des quo los contrastos
do ces mesures une conversion est effoctuee, diminuont ou quo los details doviennent plus largos, l'acuite
mathtmatiquement pour aboutir aux coordonnees visuelle n'est plus mosurablo. II n'y a pas d'examen qui
colonimetriquos trichromatiquos qui soot repositionnees sur lo ronsoigne sur los capacites d'un individu A porcevoir dans cci
triangle. conditions qui soot pourtant courantes dans notre vie

1.0 quotidienno. 11 faut avoir recours A lia determination do la

sensibilirk aux coarrastes dui systeme visuel.
kX Le conrrasto et la largeur des elements contonus dans une

image sont des paramerres importants do, Ia. perception dos

'IC formes. Se pose en effet le probleme do Ia. definition do
0520l'organisation des constituants d'une image.

11 \.NoLa verbalisation est d'un interet limit*. Elie introduit une
w 61 part non negligeable do connaissance, do memorisation,

049 0 oio d'apprentissag o (en d'autres te nes, d o psychologi o et d o

0,47 guide prI* representation et Is. prototypisation des objets

02 ;-ubjectif)s pour defindiru Co ftrme et/ o un obest Touaet oet
X ~souvent, inconsiderement utilise.

Figure 5: Triangle des coulours CIE 1931 mode informatique. Co soot les techniques d'analyse et do

traitement d'images complexes qui ont fait comprendre
Coast en fait en tenant compte des coordonnees des Fiaterec do caracteriser et do definir le plus precisement

coulcurs dans ce type do repere quo I'on pout comparer possible l'organisation do Is lumiere dans lespace, scion des
diverses situations (Laycock et Viveash) attributs pwches Ce soot eux quo aces allons utiliser.
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Les methodes dasnalyse et de traitement d'image utilisent C cat entre autre les travaux de Campbell et Rob son
Ina notion de frequence spatiale. Un signal quelconque sur Cu d'Earotb-Cugel et Robson qui ont montre le
lequel on applique l'operateur de FOURIER peut etre fonctionnement en mnalyseur firequentiel du systtme visuel.
decompose en une somme de signaux ou frequences L'interft d'utilise des reseaux sinusoisaux est double:
sinusoidaux. La frequence Is plus large est I& frequence -Il y a tout d'abord un ulteret mathematique ou physique.

fondamentale; les frequences plus elevees sont les L'6lement unitaire d'une decomposition par Is tranformee de
harmoniques d'ordre suptricur. Une seule frequence Fourier en le r~seau sinusoidal.

sinusoidale constitue donc le signal le plus simple. Elie petit -11 y a aussi un deuxieme intlert qui est neurophysiologique.
etre visualisee sous Ia forme d'un reseau, ccls a dire une Les travaux des diff~rentes 6quipes dojit celles; de Hubei et
structure repetitive dont In largeur des bandes plus ou momns Wiesel ont montre qu'une cellule quelconque du systeme
claires ou plus oti moins sombres est caracteristique de cette visuel riepondait selectivement * une bande relativement. etroite
frequence exprimee en cycles par degreb d'angle visuel. Cette de fr~quences spatiales. Elles sont accordees sur une zone
alternance de bandes est due aux variations dans lespace de la frequentielle. 11 existe environ 8 bandes pour couvrir
luminance d'une couleur de tonalite bien d~finie. Cette l'ensemble du domaine visible (De Valois). Le paralilfisme
definition dun reseau et les differents types en fonction de Ia par rapport Alas determination de I'acuitk visuelle est represente
variation de Ia luminance sont representes sur Ia figure 6. sur la figure 7. La courbe supericure correspond a Ia fonction
L'opersteur de Fourier possede deux termes: on d'amplitude et de sensibilite au contraste du rsyteme visuel.
un autre de phase. La plupart do travail utilisant l'operateur de

Fourier est realize sur I amplitude. Le spectre d'amplitude 0

caracterise l'importance de chacune des diff~rentes frequences;

comtenues dama uce image. Mais cc spectre d'amplitude ne

rend absolument pas compte de Ia localisation d'un element

pariculier en un point de Ilimage. Pour utiuiser couramment Ia s~' "

phase. les calculs seraient fastidieux. It est difficile de cos C :::: SC

travailler sur Ia phase d'images complexes. I Tai , fdft ON

coJ do sense"
do ft SWAOuM~d *-- oaft

Figure?7: Acuit6 visuelle et Fonction de Sensibilite au

contraste.

Si I& transformation de Fourier cat tres interessant pour

C4ý2 connaitre le contenu frequentiel d'une image, etle ne permet
______aucunement de localiser une frequence ou un element

particulier dans l'image. Or cette information de structure dans

LEW r lespace cmt essentielle pour Ia representation d'une formie.
D'autres opersteurs oat ett proposes. On peut cite celui

________ de GABOR, couramment utilise il y a quelques &notes en
o M~r i ýcn psychophysiquc. 11 s'agit en queique sorte d'un op~rateur de

Fourier A fenetre bornee. Linconvenient cat Is fenetre fixe.

Lou invariable, quelle que siou I& frequence spatiale analysee, basic
L OM ou elev~e.

Recemment Is transformation par ondelettes a Wt
proposee pour analyscr des signaux dama des domaines varies:

0
i~d "FMrSifssud geophyxique (Morlet), acoustique (Grossmann). Duval-

Figure 6: Definition d'un rheau Destia et Menus l'on applique A to vision. Par rapport A [a

fonction de Gabor, Is, fenetre d'analyse est variable avec I&
LA decomposition en s~re de Fourier fut as premiere firequence spatiale, elie est utroite pour une frequence eleve,

decomppsition mathemstiquc permettant de mieux connaitre le large pour une plus basse frequence. L'interit majeur de cc
coateas spatial global dune image. Elie a initie bon nomnbre de type de transformation est manifestement de pouvoir localiser
traayux en newoplaysiologie avec lixilisation de frequences un element d'une Wmgeur donnec dana une image. De plus Ia
spahzales sialasoidales sous Is forme de rtesaux; de profit forme des ondelettes utilisees pent ewre tout a fait en accord
sinusoidal de luminance. avec I& forne des champs recepteurs de cellules
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gangliofnaires. On peum mane avec des formes; specifiques et lea deux: plages) est long, visuellement if exilte nun afternance

des orientations specifiques de ces ondelettes dftecter des eatr fune plnge claimret une pisge plus sombre.

eIemems d'orientation donnde (obliques..). -Si le temps d'expouition est raccourci, un papilottement (on

Les operatiofs difftireates pouvant eve exhculdes Sur les flicker) entire Les deux plages se manifeste.

images goat repr~ent~es sur Ia figure 8. Elle indique les -Quand Ins temps sont tcrts courts, en dessous d'une certaine

differencus esseutielles existant sur un plan matbematique limie, le papiLlotememt dispersit et Is pLage apperaft uniforme,

entie lea trois op~wAtes. stable. On a atiant Ia fztquence critique de fusion des deux

------------- plages poor ces uiveau de Luminances immusx.tz~z Les premieres etudes ont &ke mentes avec un contraste de
luminance maximrum enivre les deux: piages (De Lange). Des

--- --- ---- etudes plus irecentes; ont test* non seulement linfluence de Is

frequence temporelle maisi aussi du conra-me. Les rtsultatsf~ Jk k f Vsont ainsi tout A fait comparables pour Ie domaine temporel A
cc que nous asvons presente auparavant dana le domaine

spatial, lea cycles par degre d'angle visuel soot rempincts par

~ des cycles par seconde ou Hertz (figure 9). Ces conditions et
ces differents seuils sont A prendre en compie Ions de Ia

definition de systeme d'aide A Ia perception (dfin qu'ils soicot

percus comme stables et non pas en papillotement). BI faut

noter dgalement que cette sensibilite temporeile, comme I&

sensibilite apatiale 6volue en fonction de nomnbreux facteurs

II~i1(intena lumineuse, excentricite de presentation..).

Figure 8: Differences entrc operazeur de Fourier, Gabor et N.1U
Ondelcites

U cmt possible de ddfinir une meirique de Ia stimulation

visuelie, parfaitement adaptec aux premiers "taes de Ia O

fonctiozi visneile. C eat un premier pas. Ceat Ie seul qui

assure unec calibration de l'image d'entree dana le systeme

visuel. U est indispensable d'utiliser une tetle mettrique,It15

6quivalent dam le domaine spatial de cequelIaC.lE. a b is

propose ii y a quelques annecs poor Ia pbotocolorimetrie.&- .
CA A %C 20

adrouautique et tout particulierement Iora de mouvaises Fj s p

conditiona meteorooi~ques on Iors de lutilisastioa de systfmes Fgr :Sniiietmoel da el 91
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PERCEPTION IN FLIGHT: SHAPE AND MOTION PERCEPTION, SPACE PERCEPTION,
SPATIAL ORIENTATION AND VISUAL VESTIBULAR INTERACTION

Herschel W. Leibowitz
Pennsylvania State University

University Park, PA, 16803, USA

SUMMARY may result in false sensations,
Differences between the normal illusions, spatial disorienta-
terrestrial and the flight tion or motion sickness. These
environment are described which difficulties stem from differ-
may lead to perceptual errors in ences between the normal terres-
flight. Specific examples trial and the flight environ-
involving the perception of ment.
shape and height are discussed
as they may relate to nighttime 2 CUE REDUCTION
landing accidents. The possible In comparison with terrestrial
role of misperceived risk is vision, vision in aircraft is
suggested as a contributing degraded or impoverished. For
factor. The mechanisms subserv- example, on earth a large number
ing motion perception and gaze of cues are available which
stability are outlined briefly permit us to judge distance,
as the basis for understanding depth, and shape (1). In flight,
false sensations, illusory most of these cues are absent so
motion, spatial disorientation, that the accurate perception of
and motion sickness. It is these dimensions is extremely
suggested that an appropriate difficult. For example, during
countermeasure to perceptual daytime landings, there are
errors in the nighttime flight numerous cues to height, dis-
environment is to inform flight tance, and shape available.
crews of the mechanisms and mode Although they may be different
of operation of the perceptual in some respects from terrestri-
systems involved as the basis al cues, pilots are able to
for understand how they might learn to use them. At night,
misfunction. many of these cues may be absent

particularly when approaching a
1 INTRODUCTION landing strip over water or

Our perceptual systems are unilluminated terrain, e.g., a
normally quite efficient. They "dark hole" approach.
provide information about our
environment which subserves 3 VISUAL VESTIBULAR INTERACTION
object recognition, locomotion Spatial orientation is a joint
and spatial orientation accu- function of three interacting
rately under a wide range of sensory systems; visual, vesti-
environmental conditions and bular, and somatosensory (2).
illumination levels, and when These systems also serve the
operating vehicles in the critical function of gaze
terrestrial environment. Howev- stability, the compensatory
er, the flight environment movements of the eyes which
presents many unique challenges maintain a stable retinal image
to the perceptual system which during head movement. However,
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passive motion in a closed information regarding attitude,
compartment such as a cockpit altitude, speed, rate of climb,
results in a pattern of stimula- etc., and to ignore sensations
tion different from that normal- of body position and movement
ly encountered in the terrestri- (3). However, some segments of
al environment. For example, the flight necessarily involve
when the head moves to the human perception and these
right, the eyes must move to the judgments may at times be
left in order to preserve inaccurate. In these cases, the
fixation. This compensatory best antidote is to apprise
movement is generated concur- pilots of possible perceptual
rently by visual (nystagmus) errors so that appropriate
and vestibular (vestibulo- compensatory measures can be
ocular) reflexes both of which taken. It has been said that "It
initiate movement of the eyes in is not the devil we know but the
a direction opposite to head devil we do not know who causes
motion. However, in a closed difficulties". Unfortunately, we
compartment such as an aircraft are not always aware when our
cockpit, these reflexes produce perceptual systems misfunction.
signals in opposite directions. One objective of this essay is
Head movement to the right will to apprise pilots of potential
result in a vestibular signal to perceptual errors so that
move the eyes to the left, but appropriate countermeasures may
the visual signal will be to the be taken.
right, in the direction of the
motion of the visual contours. 4 SHAPE PERCEPTION
This incompatibility between The retinal image of objects
visual and vestibular signals, corresponds to the true shape
referred to as visual-vestibular only when the line of sight
mismatch, is a prime cause of between the eye and the object
spatial disorientation and is 90 degrees. For any other
motion sickness. Sensory mis- angle of observation, the
match can occur in any closed retinal image is systematically
compartment which is in motion, distorted. Circles are imaged as
including ships and automobiles, ellipses, squares and rectangles
but the problem is exacerbated as trapezoids, etc. In spite of
in flight because of the higher this retinal image distortion,
level of activation of the we generally perceive shape
vestibular system. correctly. The process by which

the perceptual system compen-
There are two techniques for sates for retinal image distor-
ameliorating undesirable effects tion resulting from slant is
of the flight environment on referred to as shape "con-
perception. The classical stancy". A necessary condition
approach of the human factors for shape constancy is apprecia-
engineer when perceptual systems tion of the slant or slope of
misfunction is to "remove the the object or the surface on
human from loop" and assign the which it rests. The relevant
task to automatic equipment. A information is provided by
well-known example is the false surface texture and other cues
sensations produced by the subserving depth and distance
vestibular system in flight, perception. In effect, the
Pilots are of course trained to perceptual system "takes into
rely on their instruments for account" the slant of the object
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and automatically corrects for and distance perception in the
retinal image distortion. zerrestrial environment are

reduced or eliminated during
In the flight environment, the flight. Normally, a large number
relevant cues may be missing or of cues are available such as
degraded. When viewed from high the convergence of the eyes,
altitudes, surface texture as perspective, monocular parallax,
well as other cues to depth are stereoscopic depth, etc (1). At
significantly reduced. However, altitude, the principal remain-
at night, particularly during a ing cue is familiar size. We
"dark hole" approach, they are know how large a specific object
effectively eliminated. Consider appears and utilize the extent
for example a runway on sloping of its apparent diminution as
terrain. During daylight in the basis for estimating dis-
clear weather, the slope is tance. A necessary prerequisite
readily apparent, However, at for the use of this cue is
night, or under conditions of correct identification and
poor visibility, only the runway familiarity with the other
lights may be visible. This in aircraft in question.
turn can result in misestimation
of height and lead to landing In spite of the paucity of cues,
short or landing long accidents. experienced pilots can estimate

altitude accurately during
Conrad Kraft illustrates this daylight. However, at night when
problem by asking us to imagine approaching an airport over a
that we are approaching a runway dark area, heights are generally
and viewing it from different overestimated. This in turn can
altitudes (4). At high altitudes lead to approaches that are too
the runway lights appear paral- low. Kraft has presented evi-
lel or close to parallel, but as dence that this illusion of
altitude is reduced, the lights height during a dark hole
at the far end of the runway approach was responsible for a
appear to converge. During number of accidents involving
approach under impoverished the newly introduced Boeing 727.
conditions, apparent convergence Reliance on our perceptual
serves as a cue to height. system is at times essentially
However, if the terrain is automatic and justifiably so.
sloped downward toward the Automatic information processing
observer, the apparent conver- permits us to utilize our
gence is reduced and conversely, limited conscious capacity for
if the terrain is sloped away the perception and recognition
from the approaching aircraft, of critical objects and events,
the convergence will be exagger- and frees us from the burden of
ated. Kraft has presented paying attention to routinF or
evidence that for nighttime less important inputs. If our
approaches, landing short and perceptual systems were not
landing long accidents are accurate most of the time we
related systematically to the would be well advised to elimi-
slope of the terrain (4). nate their inputs by shutting

our eyes or blocking our ear
5 DISTANCE AND HEIGHT canals. Fortunately, this is not

PERCEPTION the case. With few exceptions,
Analogous to shape perception, our perceptual system provides
many of the cues subserving size us with accurate information
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and, particularly for spatial mated their altitudes. He then
orientation, does so with very asked them to fly a typical
little effort or awareness on approach from 10,000 feet. The
our part (3). For these reasons, results indicated that these
it is essential that we take experienced pilots thought they
special measures to apprise were higher than was actually
ourselves of situations in which the case. As a consequence of
we can be misled by errors in the visual overestimation of
perception. On both a theoreti- altitude, they flew below the
cal as well as an empirical intended flight path. Under
basis, it is clear that size, these special conditions,
distance, depth, and shape nighttime, clear weather and
perception are subject to approach over dark terrain,
systematic errors in the flight pilots may overestimate altitude
environment, particularly at and tend to fly too low. Kraft
night. In common with all documented a number of reports,
illusions, we are not normally not only of accidents but of
directly aware of these errors. "near misses", under these
In cases in which perceptions special conditions. He also
may be inaccurate, pilots should presented evidence from both
be advised to rely on other more surveys and simulators studies
reliable sources of information, that the problem is exacerbated

when, as predicted theoretical-
6 "DARK HOLE ACCIDENTS" ly, the runway is not level.

THE RESEARCH OF CONRAD KRAFT
A dramatic example is provided 7 MISESTIMATED RISK
by the nighttime landing acci- These data should raise a
dents with the Boeing 727 when question in the mind of the
it was first introduced into reader. Pilots are well aware of
service in the late 1960's. the danger of flying too low. As
Investigation of the accidents a pilot explained, "No one wants
did not suggest any reason to to set the record for low
suspect mechanical, instrumenta- altitude flying!". Why then
tion, or structural failure. would pilots fail to monitor
Conrad L. Kraft, at that time their altimeters during ap-
the chief human factors engineer proach? A possible answer is
for the Boeing Company, noted related to the fact that landing
striking similarities among the is one of the most demanding
accidents: They all involved tasks faced by a pilot. Informa-
landing short at night under tion must be absorbed at a rapid
clear visibility (VFR) condi- rate and processed quickly. In
tions, and the approach to the view of these multiple demands,
runway was over a dark area, pilots may assign a lower
either water or unilluminated priority to tasks which have a
terrain (4). Utilizing a flight low estimated risk. Stated
simulator which did not have an differently, pilots must monitor
altimeter, he asked experienced airspeed, follow instructions
pilots to fly an approach and to from the tower, look out for
estimate their altitude verbally other aircraft, etc. In view of
during a simulated nighttime these multiple responsibilities,
landing. Even these highly they may assign a lower priority
skilled pilots (mostly instruc- to those tasks about which they
tors from the Boeing flight feel confident such as height
staff), systematically overesti- estimation. As a result, they



3-5

either check the altimeter less The great 19th century scien-
frequently or fail to monitor it tist, Hermann von Helmholtz, has
if they feel that their visual said that illusions or errors of
estimates of altitude are perception are the result of the
correct. When faced with multi- misapplication of normal percep-
ple demands, we typically set tual mechanisms. The flight
priorities and direct our environment differs in many
attention to those events which respects from the terrestrial
we assume pose the greatest environment in which we evolved
immediate threat under the and, even for the most experi-
circumstances (5). enced pilots, have spent the

majority of our lives. As a
The idea of a hierarchy of result, in flight we are partic-
perceived risks is not limited ularly susceptible to perceptual
to nighttime landings. Indeed, errors.
many transportation mishaps,
(and probably many non-transpor- A technique for achieving an
tation accidents as well) can be appreciation of perceptual
interpreted in terms of misesti- errors is to first understand
mated risk. An effective coun- the basic mechanisms of percep-
termeasure is to analyze the tion. This, in turn, facilitates
mechanisms involved and to alert the understanding of situations
those involved when their in which we may be misinformed
judgments are liable to result or misled by our perceptual
in unjustified underestimation system.
of a risky situation.

As a prime example, consider the
With respect to the phenomenon implications of the development
of the overestimation of alti- of the fovea in primates. Except
tude during dark hole approach- for the detection of very dim
es, the mechanism of the height stimuli, all visual and percep-
estimation error is not well tual functions are optimized by
understood. Distance estimates foveal fixation. This includes
for ranges beyond a few meters visual acuity, contrast sensi-
depend on the complexity of tivity, color perception,
environmental depth and distance motion, stereoscopic depth and,
cues. In a dark hole approach if allowance are made for the
most of the cues available size of the the area stimulated,
during the daytime are absent so spatial orientation. As a
it is not surprising that height result, we have developed
judgments are in error. However, elaborate visual motor mecha-
it is not clear why the error nisms for imaging objects of
should be in the direction of interest on the fovea. This
overestimation. The problem includes both voluntary and
remains a challenge for percep- involuntary eye movements. With
tual researchers. Suffice it to the head stationary and while
say that pilots should be aware viewing moving objects such as a
of this systematic error and bird or plane, we move the eyes
rely on their instruments during smoothly at the same rate as the
night visual approaches. object of interest so that the

image remains on the fovea (6).
8 ILLUSIONS OF MOTION AND THE If we are successful, the

EFFERENT SIGNAL retinal image is stationary. How
then do we correctly perceive
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the motion of moving objects? reflex is stimulated to compen-
The answer is that the effort sate for head movement and
required to move the eyes reflexively moves the eyes in
smoothly generates an efferent the opposite direction. If
signal which imparts motion to allowed to manifest itself, this
the fixated object. In effect, eye movement would result in a
the motion comes not from the loss of foveal fixation. To
movement of the retinal image maintain fixation on the fovea,
but from the effort required to the voluntary smooth eye move-
maintain foveal fixation by ment system is activated to
means of a smooth voluntary eye suppress the vestibulo-ocular
movement, reflex. However, any activation

of the smooth eye movement
9 GAZE STABILITY system also produces an efferent

When our eyes are moved passive- signal which imparts, in this
ly such as when turning our case illusory, motion to the
heads, walking, or when trans- fixated object. Thus, the
ported in a moving vehicle, objectively stationary fixated
involuntary mechanisms serve to object appears to move
maintain the stability of the (oculogyral illusion). This
retinal image. If this were not induced motion is indistinguish-
the case, every passive movement able from from real motion. If
of the body would result in a one is not aware of this illtiso-
blurred retinal image and ry mechanism, one can inadver-
degradation of vision both as a tently assume that a stationary
result of blur as well as object is in fact in motion. It
non-foveal fixation. The two is often important to determine
involuntary gaze stability whether a fixated light is a
mechanisms, one visual and the star, ground light, or another
other vestibular (described aircraft. Illusory motion of the
above), reflexively move the fixated object can contribute to
eyes so as to compensate for an incorrect decision.
head movement. For example when
we walk our heads bounce up and Literally dozens of illusions
down. As a result of the gaze can result from voluntary
stability reflexes, the eyes suppression of reflex compensa-
move in the opposite direction. tory eye movements (5). Most of
As a result, the retinal image them occur in impoverished
remains on the same area of the situations when visual cues have
retina, and the perception of been reduced such as during
the world remains stable and night observations. The reason
clear, is that when visual cues are

present, the requirement to
There are times, however, when oppose reflexive eye movement by
these marvelous mechanism can activation of the voluntary (and
result in false sensations. efference copy coupled) system
Consider a pilot at night is reduced. However, at night
viewing a small bright object and particularly when subjected
such as a star, a navigation to acceleration forces, we are
light from another aircraft or particularly susceptible to
ship at sea, or an isolated efferent copy related illusory
light on the ground. If the head motion (6).
is accelerated by motion of the
plane, the vestibulo-ocular



3-7

Illusory motion of an isolated the eyes. When an an airplane
light can occur in the absence banks to the right, the
of gaze stability or voluntary vestibulo-ocular reflex initi-
eye movement. A small light ates a "turn eyes left" signal
viewed in an otherwise dark while the visual stimuli in the
environment appears to move cockpit initiate a movement in
erratically after a few seconds. the opposite direction. This
This phenomenon, know as state of incompatible gaze
autokinesis (self-movement), is stability is referred to as a
probably responsible for some mismatch or a sensory mismatch
reports of unidentified flying (7). These effects do not occur
objects. when stimuli outside of the

compartment are visible as these
The "take home" message from the elicit eye movements which are
relation between perceptual compatible with those arising
fidelity and cue reduction is from the vestibular system.
that reduction or elimination of There are two consequences of
normal cues, whether produced by sensory mismatch, spatial
fog or darkness, is a fertile disorientation and motion
condition for a number of sickness. Many pilots have
illusions and misjudgements. In reported a sense of disorienta-
the flight environment these tion when flying under instru-
possibilities are significantly ment conditions (8). Frequently,
exacerbated not only because of the disoriented pilot can
the cue impoverishment, but also request the copilot to take over
as a result of the intimate until the disorientation passes.
relationship between the visual In single pilot aircraft, the
and vestibular subsystems. problem is potentially more

serious. One obvious solution is
10 SPATIAL DISORIENTATION AND to make an attempt to observe

MOTION SICKNESS the ground outside the aircraft
Gaze stability mechanisms have a so that the visual and
high priority in the hierarchy vestibular reflexes are compati-
of perceptual mechanisms. ble. An experienced test pilot
Without gaze stability, the related an experience in which
exquisite properties of the he became seriously disoriented
fovea would be rendered useless at high altitude. He asked the
whenever the head is in motion. tower operator the height of the
Similarly, the stability of the cloud cover and allowed the
visual world would be seriously plane to spin until the ground
compromised and spatial orienta- was again visible. At that point
tion would be degraded or his disorientation ceased and he
destroyed. The reflex mechanisms was able to complete the flight
supporting gaze stability are successfully.
deeply rooted in the evolution-
ary history of the species and A possible technique for pre-
normally operate without aware- venting or reducing spatial
ness. As a consequence, inter- disorientation is to introduce
ference with gaze stability stimuli into the cockpit which
processes can have undesirable are compatible with the
consequences. As described vestibulo-ocular reflex, i.e.,
above, passive motion in an en- move in the opposite direction
closed compartment results in to head motion. In a standard
incompatible reflex stimuli to cockpit, the only stimulus which
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normally satisfies this require- acute when the individual is
ment is the attitude indicator, first exposed to an altered
This of course represents a pattern of inputs. A dramatic
minor portion of the visual example is in space where many
field-the majority of stimuli in astronauts exhibit these symp-
the cockpit induce reflexive eye toms when first exposed to an
movements incompatible with the altered gravitational field.
vestibular reflexes. Malcolm has With time, the symptoms subside
invented a device (9), referred only to reappear when the
to as the Malcolm Horizon or the individual returns to a normal
Peripheral Vision Horizon gravitational field. We have
Display (PVHD) (10), which much to learn about spatial
projects a large artificial disorientation and motion
horizon on the instrument panel sickness, but it is encouraging
by means of a laser generated that the mismatch theory, while
strip of light. This artificial not relevant to all phenomena,
horizon is always parallel to does have wide applicability.
the earth, moves opposite to the
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Les ismages mentales
Ren6 Amalberti

CERMA Ddpartement Ergonomnic Adrospatiale
CEV Brdtigny, Br6tigny sur Orge Cedex, 91228, France.

Mots cl6s: vision de nuit, reprdsentation mentale, Key words: night vision, mental representation,
image mentale, processus cognitif. mental image, cognitive process.

RisuniE: Le concept d'iimage mentale* est paradoxale- Abstract: The concept of ximental image*' is paradoxical-
ment pen lid aux activitds perceptives visuelies. II relbve iy poorly linked to visual perception. It is relaed to the
plut6tdudomainede larepr6sentation mentale,etice titre, domain of mental representation, and thus is explained
s'inscrit totalement dans le champs de la psychologie with reference to the field of cognitive psychology. This
cognitive (dtudc des processus de raisonnements et de domain being relatively new formostof thecistenersof this
reprtsenitation pour conduire et agir sur le monde environ- short course, basic concepts are didactically introduced. A
nant). Ce domaine 6tant relativement nouveau pour la framework model of cognitive activites is set up, introdu-
majoritE des auditeurs du cours, une pr~senitation didacti- cing first the various memories, then focusing on mental
que des concepts de base est propos~e. On construit pro- representation processes.MTe specificites ofimental repre-
gressivemnent us modble cadre des activit~s intellectuelies sentation are detailed (laconism, distorsion, parcimony,
en partant des processus de m~moire pour remonter jus- task-oriented). Special emphasis is given to the mental re-
qu'aux processus de reprdsentations mentales. On d~crit presentation theory of double coding : verbal and image
par la suite les difftentes qualitds opdratives de la reprd- coding and its relationship with activity. A last section
sentation mentale (laconisme, deformation, finalisation), describ*s how mental representation, especially mental
son double codage verbal et imag6, son lien aver la image, could serve or impair night-flight activities.
perception pour l'dlaboration de l'activitd. Un dernier
chapitre d~crit comment cc modele g~ndral de la reprdsen-
tation mentale, et plus particulibrement de la reprdsenta-
tion imag~e, est impliquE dans le vol de nuit et peut
expliquer les difficultds rencontrds dans cette activitd.

SOMMAIRE

0- Introduction 2- Sp~cificit~s des images mentales, relation h la
1 -Vers us modble simplift des activitds de prise perception.
et de traitement de l'information 3- Application I la conduite de nuit des adronefs

1-1 De la psychologie des comporte- 3-1 Reprdsentation mentaeetvisionde
ments I la psychologie cognitive et aux nuit: lc rdle de 1'entrainement
images mentales 3-2 Vers une reconsideration du m~ca-
1-2 De la m~moire & Ia representation: nisme des illusions sensorielles de nuit
un modble simplifiE des activitds menta- 4-Conclusion
lea

R~frences
1-2-1 Une description des
structures

1-2-2 Des structures aux reprE-
sentations fonctionnelles et I
l'action
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I- INTRODUCTON sentation du monde sur lequel mnavaille lecervean n'estpas

Le civiesd pilot~age sont trsdpenclantes de Is one copic conforme do '~eI; elle est activement 6laborde A
vision. Mais cefle fonction W'est qu'un outil so service do partir des connaissaflces do sojet, petit servir antant h
cvet POni ~ irenoad'infoions umounxde comprendre Ia situation prdsete qu'l anticiper les 6volu-
exs~uicur par on canial privdigi6 (inais non ciclusifO, pou tions de ce monde. Son support est souvent considere

servir l'dAaboration dle raisnements, do d~cisions, et commedouble, s6mantiuqoet inagd, les images mentales
d'amtions. constitoantjostemcnt Is partie imag6e de cc modble men-

Un modle simpliste,typiquement wbottom-Mp. (I&a

co~nstucion do Ia repr~sentation provient de Ia percep-
dion). pourrait faire croire que le cerveao travaille sur one CecourSestorganis6en trois sections: lapremitre
copie dWon monde Kvu* par les yeux, copie COWt filtrante section d~critun modble g~ndra de Ia prise etde traitement
mais assez reprtsentative de cc monde. Dans cc cadre, Ia de l'information 6claird par les cnisacsr~centes de
pmetionp.Ec deraitlarprxsmtatiodumondeetl'image Is psychologie cognitive, introduisant plus particolibre-
mlentale POUnait ere une scopie de travail- do monde. Le ment les notions de m~moire et de reprsentation mentafe;
cerveau seraigalors avant tout one mndcanique de traitement la seconde partie explique plus pr~cis~ment les notions de
des informations ainsi obtenocs. On retrouve ce type de repr~setations mentaics, particulibrement les notions de
concept dans des modbles pipe-line des activitds de prisecet repr~sentations imag~es, leor propri~ts et leorousage dans
de traitement de l'information developpds par Iathd1orie do Ia conduite de sYstbmes. Enfin, Is troisibne partic ddve-
l'informaton clans les ann~es 50 (rig 1). loppe les applications de ces concepts I la conduite de nuit

eca senpar eleEtdsdpscooicoiieds cou ngt denern~e an !es.

c Fdigue 1'o :y m reose stir on tasituemn estuurlstenul d DErva PRniSE r ET ni DER TMn T Dyt~ E deNF
presene ~:p d ew (acntructioen de lia orep~ntation. MA typ IONhm Obr asle n 0

cerveau pou i terairaet Imond prvite nnent potomur alotes cognitve petauxiaes axrionmental s
mewtir dce Ia doi~es, etpour seondiatflemen t onx tir actos psytchboge exp lriemental pour obje t

orae encasoes (par ela 1990). La pereep oiones clanstv dopiens iong derirs; comporemns e e .cns

dcc oneiesansentielleent suo l fcus Ia dir ection de Iarer - VERS UN M D~k E SML'EPDES I' I.

seenta-top-on *entale co nstucioene arcde srepreswtto Larepr
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(sous-enlcndu 1'Hommci Universel pour cc qu'il poss~dc cervcau-ordinatcur consid~rd comme un syzme injn-
d'invariants per opposition aux difftences individodlles). one et limite de pf et de trsilement l'informntiinm L'in-
A cc titre, ceuce psychologie exp~rimentale sc distingue formatiquc se rapproche de la psychokogie en fournissant
radicalement de la psychologic clinique, centrEc sur la lcs premiers modbles cybemnetiqucs de conurft. On comt-
desrpiodlpersonnalit6affectivo-motivationncilcde mencc I s'ntdresse I un modbei do fonctionnement du
cci Homme et des d~sordres tventuels qui y sont associ~s. cerveau, encore trbs *pipe-line*. (voir fig 1) et trbs structu-

L~a psychologic exp~rimentalc s'inscrit dans le rel (on individualise clairement des structures on compo-
prolongement des Etixies sur la pens~e qui remontent & l santes :capteurs sensoriels, m~moires, modes d'actions,
plus haute antiquit6, au temps ob' rdthorique, logique et avec quciques processus g~nrifaux r~gulantces structures,
linguistiquc Etaient des disciplines confonciues. i.e.: l'attcntion). On d~crit les capacit~s ct limites quainti-

Son istireprore, ienquer~cnte st ~jitft tatives de cc systbme, en utilisant les conccpts de chargecde
Souvmnhstoie. porbe u ~et s ~at~ travail, de ressources dispoibles et de flux d'informa-

mouvemnt~c. ions. Cettc description connait de nombreuses applica-
Ala findu sitcle dernierIa psychologi pr~sents en tions, y compris de nosjours, dans leccourant ergonomique

cffet trois tendances : one premitre tendance est directe- ichurnan-factors,. de conception des interfaces.
mcmi d~riv~e de la physiologic, centr~e sur la mesure des Le v~ritable r~veil de la psychologie des reprfsen-
performances humaines,particuhibrement sensorielles. 1De tations apparait clans les ann~es 60 et surtout 70 avec le
1A na~irontles loisdehlapsycho-physiques des sensations de passage d'une conception quantitative de I'information
Fechner,de Weber, puis toute lapsychophysique moderne circolant dans le cerveau h une rdf~rence qualitative, cen-
qui searcupdr~e etappliqu~eaux cockpits par lebiais de tr~e sur la manipulation de symboles parteurs de sem.
l'ergonomie des interfaces. Une seconde tendance, adica- L'Eiudc des structures esi remplac~e par l'6tude des fonc-
lenient diffdrente, s'int~resse aux m 'canime de tinalts Les des su la, reprdsentation se multiplient
raisonnements (i.e. Wundi) avec des ~thodes bas~es Su dans deux grandes directions : d'unc paut I'daude des
l'introspection qui vont etre rapidement trbs cnbtqu~es r nokoafions Wimumse , du sens en m~moire I long
(I'nurospectonconsistieraisonnersurdesdonn~cs issues team et, d'autre part, M'Eudc desjjwlda mM
de la propre exp~rence du chercheur qui s'Ecouteet ci ndl deiindes h guider et rdguler les actions de l'OP6-
s'observe pendant ses propres activit~s). Un troisibme rateur homain dans on tiche particulibre. Lesa6tudes sur Ia
courant, intermddiaire s'int~resse aux differences iner pens~e itnag~e se d~veloppent rapkidemet dans cc dernier
individueiles, et notamnment I I'intelligencc en s'appuyant cadre une fois d~barass~es du carcan imposE par les comn-
tant&t sur des Epreuves psycho-physiques (i.c.Galton), portementalistes sur la ndcessitE d'one relation directs de
tant6t sur des Epreuves plus tourn~es vets le raisonnement Ia reprsentation imag~ek laperception. Lapens~eimgec
et les connaissances des sujets (i.e Binei). devient alors un produit parmi d'autres de I'activit6 sym-

Au d~but do siecle, ]a psychologie comportemen- bolique do cerveau (Piaget & Inhelder, 1966, Paivio,
Wal s'impose en rdaction aux m~thodes des psychologues 197 1). C'csttypiquemcnt cc courant de rechcrches qui sert
pratiqmat l'introspection. Watson (1913) comnbatcla strie l'ergonomie moderne dite wergonomie cognitive* ici
de questions sp~culatives impossibles I soumneare & un appliqu6 h la conduint de processus; type conduite d'afto-
traitemeni exp~rimental ct clans lequel la psychologie nefs.
humaine s'esi laiss~E enfermcr*. Les etudes sur les raison- 1-DeI morAInepintin:meode
nements et suir la repr~sentation mentale, trite de 1-2lir de Ia m tmir.it Iarm~enta tin n od
*psychologisme* s'arrfient brutalement. On Etudie alors pirEesctitsmnas
pendant on demi-sibcle, particuhibrement aux Etats-Unis,
les rdponses des individus I des changements de IaI situa- La figure 2 r~sume l'ensemble de cc modble simplifi.
tions (modbies S-R) en se gardani de faire des inf~rences
sur la moddlisation des processus internes do ccrveau.
Quciques psychologues continuent cependani cans la voic 1-2-1 Une description des structures
d'une meilleure connaissance des processus de pensde :
Piaget, en Suisse et en France, lea Gestiltistes aux Fzsts- Les organes sensoriels sont fortementlimithesduis
Unis. leur fonictionnement. Ainsi, la vision esi limitde & la fois I

En 1950 one premnibre rtvolution atteint le bfhavio- on petit spectre de radiations Electro-magn~tique visibles
risme A travers la thdorie de l'information, la m~taphore du (de longucur d'onde comprise en 380 et 670 nano-mbtres)
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ORDRE DE MISSION

connaissances (s~chdnaias etcdru)qisriot1*cnrcind lnd o.L ice

ocuvre de ce pla eat fortement ontraintes par les iiain nznane i yim onu.U
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Aoiqu ecmi turesdeinformaiosrsende misinsleuni-o p'ingdniveu pars rapptoirt k Ialongiquce l'uiuster
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dcharge de potentlal s d'acteo lment otaites par nos liittonsnissances c prcduralsys peunit etr dedux n r
ca u savenoir-firels, qui opp pour m~nes n i entdtre lmttrions I pr~g ceptsi..l on scemst Llua rhglcsri soot surtutu

cieosiwds onpisefmine de I& +-2 isnfoations signifan- utinisdares paen rysoltione problmequniItrionemn

ete per nos qanir es phnotions ipctan ineraes & toute ienstat-di par der scmion du ddmvarhes oiqu exclassiniqume.Dna Ins

Labrf cn m~moire I court terme eat lIitrcen structue La plupt de aresk casg der ve quozdient'ne ci prodessin

centdrde (quclqucs du cendes). Let sr ldsuctnnsm ipostern nesiI ehrh de soluion plus simpri qan l esvuo ai meoms
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consommatrices de charge de travail poosse l'op~rateur activitcl humaine, le pilote prd-active one pantic de sa
hwnain I utiliser des proc~dures pr6-constroites appel~es m~moire proc~durale et la charge en m~moire de travail;
sch~mes. Ces proc~dures mentales ddcriventdc vdritables cette m~moire est one 4cstructure virtuelle's I accbs rapide
plans d'action (et de compr~hension) pour des situations sur laquelle il travaillera pendant qu'il effectue son vol.
connues,desscbnesrelativementrdpdtitivesdelaviecivile Cette instance n'est pas limitcle en tailte mais ne dure qoe
et professionneile (Romelhart, 1975). Ces plans sont for- le temps de la tflche .
m~s avec l'habitudc (avec l'entrainemcnt) et permettent L.e plan sch~matique chargE clans cettc m~moire de
one ex~cution trbs aotomatis~e. De fait, le plan correspond travail est particolais aux valeurs do cas particulier de la
en gEn~ral I one hi~rarchie de sch~mas pius ou moins mission Ardaliseret se pr~senealorscommeun hifrarchie
spfcifits clans leur misc en oeuvre, allant des reprdsenta- de schclmas d~crivant la mission I diffdrents niveaux
tionsidominanccconccptueiles (i.e.: mission d'atzaque de d'abstractions et de misc en oeuvre (Rasmussen, 1976).
nuit) & des reprtsentations extr~nicment proc~lurales (i.e. Quand l'ex~cution commence, le premier sch~ma
technique de masqoage par le relief ). de misc en oeuvre est activE. II doit encore 8tre interpr&6c

La figure 3 prdsente un exemple de plan schtmati- pour~reex~cut~concrttement(leplan n'estjwmais qo'one
qoc. description qu'il faut interpreter par des rbgles d'action,

MISSION D'ATTAQUE DE NUIT

Virffer l faiabffiE g~slN enniner l'approche tactiqut wa
Niveau de arise en V tiieur sur faisatiht gl~alobjectif.
oevr g~eriu Hewstaim obetfUIlisation du masque local de relief PA

I cadre tactique gdnkal H essetc

Niveau de misc en r m z
oeuvre sp6cifid Avion k rdaction,
pour un avion doann F16, Harrier, Rafale MEME PLAN

I_ _ _ __ _ _ EXAMINE AVEC UN
Niveau de mise er NIVEAU VARIABLE

~ seaD'ABSTRATIONpow es ssems tyes e TaarCONCERNANT MISE
embwqu~sENOU E

Niveau de misc er
ocuvre sp~cifi pour lea
counnausances rpm svpiesr

l'opdrateur
l'utilisation des systbimes

DIMENSION DE MISE EN OEUVRE
(du plus abstrait au momis abstrait)

Figure 3 : ire plan shimatique se pr~sente sous la forme dune hidrarchie de repr~sentations cxeniinables I difftents
niveaux dabstraction. La panie supdriamre do plan eat racine mdmorisde soos forms de schdma proc~dural. Le pilote
fixe par suite lea niveaux inf~ujeurs du plan (choix de t'avion, choix des 6quipemenis, prdfdrences) 1cms de la pr~pmntion
du vol, et peut par la suite se servir do plankun niveau variable de misc en oeuvre, lui permettna ainsi en pernmaence
d'ajuster I& nichcaae de la repr~senitation I lobjectif r~el du raisonnement pour Economiser Ie maximumn de reasources.

1-2-2 Des structures sox reprisentations foaction. Hoc, 1987). Cc sch~ma utilis I I'instant t est I la base de
siles et A I'actioin Ia representation mentale circonstantielic de l'op~rateur.

Lots de la pr~puration do vol, ninme dens toute Normnan(1983)ccJohnson-Laird(1983)parlcntde mod~lc
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mental ponrddsignercetireprtsenwaion. Ochanine(1881) micro-varitions deIa t~che (Rasmussen, 1986, Anderson,
porle de reprdsentation opfrtfive et Leplat (1985) parle de 1985, Bainbridge, 1989). Le pilote expert simplifie ses
represenitations fonctionnlles, inais tout ces termes soni conu~les (Valotet Amalberti, 1989),ez utoutanticipeen
tinalemeni synonymes. Cette repr~sentation mentale on permnence pour ne pas &re d6bordd par des situations
moc~e mental guide et rfgule len aciivitds do prise et de inattendues, prdfbrani parfois orienter le vol vers one
traiternent de l'information de l'op~rateur, contr6lant la situation incidentelie pour laquelle ii possWd tine r6ponse
m~moire h court terme, et par son interm~diaire, len infor- tout pr6te, ploi6t quo d'affronter one situation inconnue
mations rdcup~rdes clans le monde extdrieur. Cette reprd- (Amalberti & Deblon, 1992).
sentation poessde des sp~cificit~s importantes: Lemodbl global d'activit6 rdsultant doces contraintes est

-efle est finaliscle, orient~e vers le but de la zAche typiquement on modble de compromis risque / efficacitE.

-edie e81 d~formide ci laconique, so centranit stir los Le risque consenti, sur la base des m~za-connaissances
aspects mal maitris~es ou importants do la thche k faire, (connaissances du pilote sur ses propres capacitds), est
simplifiant parfois outrageusement len aspects cosdd~ r~glE au mieux pour line performance acceptable, permet-
comme faciles. tant l'atteinte du but.

-elie ent rdsistante aux. changements, I'opdrateur 2 PCFCTSDSIAE ETLS
prdfdrant garder des proc~dures peu directes mais qu ,il 2 A IIIM DSIAE ETLS
connait bien, plut6t quo do changer pordspo~ue RELATION A LA PERCEPTION.
priori plus efficaces mais qu'il faut apprendre A maitriser. Nous avons vu clans l'introdoction quo le concept

L'acivid prcepiveconistefumemet, nn ps I d'image mentale etait peo lit aux activit~s perceptives. HI

construire cette reprtsentation, mais au contraire k ftre eit eedn ulustpsdiae yiumn

guidee par ceize represenitation (Mjh construite, pour la perceptivesqu'ilfauibien differencierde lanotion d'image
confirmeret attesterdo sa progression lors do d6roulement mentale. On citera (i) los images cons~cutives (persistance
do la procddure. Ceci explique la irbs grando difficultd i momentanded'on d=tsensoriel induit par un stimulus bref
percevoir len informations qui ne sont pas attendoes clans et intense, aprbs la disparition do celoi-ci), (ii) los halluci-
in proc~dure, surtout si cello demnibre nWest pas remise en nations (perception sans objet), et (iii) les phI~nombnes do

cause par les informations recupdrtee pour so uvipo m~moiro transitoire visuelle (image cons~cutive do mE-

tations perceptives 00 mndmoniques sont trait~es irbs
La domibre notionimportante Iconsiddrer dans la pr~sen- periphdriqoement clans le systbne nerveux central; ellen
tation deoce modble simplifid est la notion de limitations do peuventponctuoliemntentrainrdosdifficult6spourl'opE-
ressources (Norman & Bobrow, 1975). Cette limitation rateur en saturant les reccpteurs ooles premiers dtages de
contraste avec la grande potentialitd formelle do syst~me: traitement do ]'information visuelle emp~chant ainsi la
nombre incalculable do connaissances stockdes notam- r~cupdration d'autres informations plus pertinentes. C'est
ment. En bref, le systbme est richement dot mais lent et typiquoment le cas de nout avec des variations brutales
surtout forcE & travailler stir on tout petit secteur do cette d'intensitd lumineuse clans le monde extdrieur qui favori-
richesse potentielle comme en t~moignent len limitations sentlesphdnornibnd'Eblatiissmentetd'apparitiod'ima-
do m~moire & court terme on do capacitds do calcul. La ges consEcutives.
logiquo d'on tel modele conduiraithIpenser quo le pilotage Pour toot los autres cas, le concept d'image mentale
081 quasi-impossible, ce qui nWest Evidemnment pas le cas. sefctvmndiictecludeapretont
Les solutions pour quo le sysibme fonctionne sont do deux estefectvment disAlantionc do er~euid n pecetion 01tl. ri
ordres :(i) d'une part on braitement diff~renci6 des infor- direciemppoent iepenoinden or e xplsnziquon lenraile.Tdoi
mations : lorsque la proc~dure est bien connue, cule petit tes iaes s'opptoisetsssnt ceednor expriqedr livrai rde Dons
etre ex~cut~e quasi-autiomatiquement, cans images (car tla 1979):trers d ived Dns
m~moire & court terme, et sans d~penser do ressources. 17)
Seuls les contr6les conscients sont placds en m~moire A La premibre th~se est formnul~e parPiaget (Piaget et
court terie (Shiffyin & Schneider, 1977). (ii) L'utilisation Inheldor, 1966) et par les constructivistes (Neisser (1967).
de szragies expertes. Tonics les activitds du pilote,comme Nos connaissances sont cod~es clans le cerveati sotis forme
do toni humain clans des situations analogues, sont tour- symbolique peuaccessible Ila conscience et doivent donc
n~es vers 1'Economie do ressources arm do disposer d'une 8tretrascrites sous tine forme fisible pour etre utilisgen par
capecit6 do r~serve consinante permettani do s'adapter aux len processus mentaux stipdrietirs. L'activit6 d'imagerie

permeitrait alors do construire tine reprdsentation type do
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ces connaissances sous forme imagde, representation qui tr~e sur Ics points difficiles de la zflche A conduire (image
serait alors consciente, inspectable et modifiable par le jco comme pantic active des modbles mentaux).
d'optrations intellectuelles. On retrouve (tans ceuc pers-
pective lea caractdristiques des modbles mentaux de John-Lemdl iagsenlapiqeAIarau-
son-Laird, bases sur l'activation d'un exemple loa Lecons-mgsmetlaplq~ 'arnui
triii simplemeni pour se repr6senter concrttement lea que qui resulte de ces approches esi le suivani

donndea forniciles d'un problbme ou d'unc proposition Lors de la pretparation du vol, le pilote s6lectionne
verbale; la representation dana cc cadre seridirectemeni la en mfmoire en long terme une hidrarchic de schemas qu'il
comprdhension du probl~mc. Cci aspect constructif de particularise aux conditions du vol qu'il va avoir h cifec-
l'imagerie mentale a 606 intdgrt par Hcbb (1968) (tans n wuet (preparation du vol ou preparation de briefing).
modble neurophysiologique qui conibre h Is motricitE Ces schemas formeni un plan 4tvisualisablc,* Aans
ocolaire on rdle fonidamental dans la constitution des la tete* I des niveaux diffdrents de raffinement (analyse et
ensembles ceflulaires inttrewss par I'activild perceptive et comprdhension) ci de misc en oeuvre. La partie misc en
l'activit6 d'imageric. Une fois construite, l'image peut oeuvre eat plus facilemeni visualisable que Ia pantic di~o-
aussi etre interactive avec lea processus; perceptifs et s'en- rique sur les objectifs do plan.
richir avec cette experience perceptive. L'image mentale Wie A I'activation de ces schdmas,

La deuxitme dthse cat proposde par Paivio (1971) d~foriec, laconique, capabled'etre zoomde plus oumoins
qui pr~scntcuncthWorie ditc du .double codagcl sootenant sot lea details de misc en oeuvre du schdma, possbde un
l'cxistcncc de deux modes de representations symboliquc, double objectif :
l'on de nature imag~E, l'aotrc de nature verbale, con~us sridegdeaprlvmn 'nf-
comme de systbrmes cognitifs interconnectds mais fonc- >sers ui vienrode gjuidrlacnde au x priem nsts 'nfo-
tionnellemeni distincts pouvani intervenir (tans l'activitd mationfls qui vonienronmjer la crgeson duit auex circonsn
mnemoniqu etIl'apprentissage, mais aussi clans lea activi- ctendrelc icnie aporeso tn 'xcto
t~s perceptives ct intellectuelles. Dana cc cas, l'image
serait on codage priviligie des objets concrtts alors que lea >scrvirdc support Ades opdrations mernales
concepts abstraits seraicnt prdfdrentiellemeni codes pa le de simulation penchtant de projetier le systbme (tans on
support verbal. Paivio decrii l'image d'objets oude sc~nes avenir plus oo moins distant I des fins d'anticipation.
concr~ies avec des atributs opdratifs de deformation et de Cette image mentaic, pour reprendre l'hypothese
laconisme. 11 ne s'agii plus de l'inscription cn mdmoire de Piavio, serait accompagnde d'une representation h
d'one copie do reel, ni de la simple interpretation d'une support verbal permettant le raisonnemeni symbolique,
strie d' informations symboliques inaccessibles h la cons- avec calcul de risques ci choix 00 optimisation des strate-
cience comme (tans Ic cas de Piaget, mais d'one veritable gies.
codagc dirccidu monde m~diparl1'cxpdricnce d'un passe L'ensemble do systame serait contraini tani en
v~cu ei agi. entree (mdmoire h court terme), en puissance de fonicuion-

Une troisibme tlibse proposee par Pylyshyn (1973) nement, qu'en sorties.
est plus critique sur la notion meme (t'imagc. Pour cci L'objectif serait alors de maminenir le systhme au
aoteur, l'imagcnWest pas un objet sur leqoelopdreraient lcs nivcao de fonctionnemeni lc plus Economiquc par one
procesaus perccptifs ct intellectuula, clle est en cat simple- sdric de strategies sophistiqodes de prise de risques (pour
meni le r~sultat, one construction temporaire peu explica- simplifier Ie travail)) ct one utilisation Ia plus repetitive
tive mais plut~t descriptive. Cette these a cependani peu possible de l'exp~rience pass~e.
d'argumcnts d~cisifs I faire valoir.

Les experiences de Kosslyn (1975) sot lea explora-Encsddeieoereudedula tnu
tions des images visuelles (particulibrement la situation de E a edrv bevs u(crsla ted
I'ile au trdsor) montreni quc lea deux prmte uhse incohdrent, le systbme poorrait basculer en mode analyti-
pourraicni itre toutes lea deux vraies, pointani ainsi lea quc, avec on dominance de la representation verbale;
dciii families d'utilisation de I'image mentale : aide I la l'imagc mentaledanscecas, s~pwreduconiexic imme~tiai
comprehension par exemplification de concept sous forme do vol, servirait 1 exemplifier des concepts peu formalisa-
imag~e (these constructiviste) etaide h 'action par acti ,va- bles pour micux. lea comprendre (hypothbse constructi-
tion de scbnes visuciles bas~es sur I'experince v~cu mais visic) ct viendrait en concurrence de l'image mentale
W~ormies opdrativement pour permettre one action cen- support de I'activite qoi sert h la recuperation d'indices
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perceptifs.Toutlaissepnscrquc leslirnitationscognitives tation delacharge detravail perceptive ajoutedelarigidit6
ne permettent pas l'utilisation simultande des deux types la proc6dure en cours, en autofisat demons en moios de
d'images, forpantl nouveau lepilote hg~reun compromnis contr6les et de tests d'autres repr6sentations. Le risque
entre comprdhension et conduite I court terme. augmente alors en paraillle h la restriction progressive du

champs cognitif.

3- APPLICATION A, LA CONDUITE DE NUIT DES Dans d'autres cas, les r~f~rences dejour contenues
ACRONEFS darn la repr~sentation sont non retrouv~es de nuit. La

3-1 Reprtsentation mentale et vision de nuit: le r6le de situation est ouvertement conflictuelle et uxie nouvelle
l'entrainement reprdsentation doit 6tre construite pour s'adapter aux cir-

Nous avonsvudans les paagraphespi~c~dents que constances (on retrouve 11 le classique m~canisme Piagid-
l'iagemenalefai paticin~grntedo a rprdenttio ten d'assimilation-accomodation reprisparVernershdans

lmaementale etaiet pangieetd ir~granteu deua rersnationtd Ie cadre du travail de l'adulte, 1978). Cette adaptation en

merentle ci Lse odre udenvoyde sultu aux acliv sesoites vol est si cofiteuse en ressources que le pilote, prf~r

pourr~cpties Lea l'ordres o en oy tlis au olane sensoriceds souventreocrrevoirsarepiottin ettrvailleavec

p predlinformations ontliur imsortance pu ecnde delthes des accomodations imparfaites de la repr~sentation ac-
(nfReasons9 ) (leur simporance prlestconstruilc s lal~ baed luelle. Cette situation est dvidemnment souvent A 1'ofigine

l'expdriencc, et dans la majonite des cas avec des capteurs dacdnspriuirmn nvl as-liue

sensoriels eflicaces (vol de jour). On comprend alors le
m~canisme de base des probibmes de vol de nuil : les En bref, lc fonctionnement par image mentale est
informations recherch~es sur la base du vol de jour sont extrbmement puissant et 6conomique pour guider les per-
difficilement retrouv~es dans lea conditions de nuit. Le ceptions mais ndcessite une r6f~rence efficace d~jk m~o-
r~sultat est double: depense suppldmentaire do ressources ris~e. C'est 1M l'interet considdrable do l'entrainemen
pour Ics activit~s perceptives (augmentation de la charge intensif de nUit qui renforce et prcularise les reprtsnta-
de travail) et diminution du caarctbre automatisd de la tions mentales de ces activitds de nai
proc~dure au profit d'un contr6le plus important do la
qualitd des infornations provenant des capteurs (0A encore, Les systhmes de visualisations utilisant difftentes
augmentation de la charge de travail au niveau du traite-

mentel'nfomaton).C'et tpiqemenceqi ariv en techniques de suppl~ances h la vision nocturne attdnuent
apren de l'nuomaiton) leapocs ot typeendance qu surivaeuer ces effets, mais ne les suppriment pas; le plus souvent ils

leur altitude par bonne visibilit6, mais en conditions d e fn u e dlcrvr 'urspo~ms
piste et zone adroport peu 6clairdes (Kraft, 1978). La pro- (i) lorsque la visualisationde suppldanceest,
c~dure mentale repose en effet darn cc cas sur Ic guidage prdsent~e Al'intdrieurdu cockpit, la vision exigdede lapart
I vue. Le capleur visuel est ldg~rement deficient mais du pilote devient one vision do jour d'une image repr~sen-
rambne one r~ponse satisfaisante A l'image mentale gui- tant lc monde extdrieur, lea difficultds de pilotage soul
dant le processus. Du fait de la charge de travail impor- d~plac6es mais 16thla e p6sentation im ag~epeut-6tre
tante, aucun autre contrdle nWest effectu et le pilote finit tout aussi grand qu'avec une vue directe sur le monde
par se pose avant la piste. On voit dans cc cas l'effct de exterieur de nuil (champs visuel r~duit, perne de d~tails,
trois facteurs : etc).

-(i) au niveau de l'intdgration perceptive, I'imprd- (ii) lorsque la visualisation artificiefle ear
cision de codage liE aux conditons particulitres de nuit, superposde b la vue du monde extdricur, le problbme

-(ii) au niveau de Ia reprdsetation mentale (image devient celui de la confiance darn les systbmes, et de la
mentale), la r~sistance et la st&r6otypic do la representation toldrance A des 6carts entre monde pergo et monde super-
tant qu'elle est alimentde de fagon non contradictoire par posd.
lea activit~s perceptives; le concept de conf lance est panti-
culitrement important dans cc mkwaisme d'elargisse- Une plus ample discussion de ces deux remarques
ment ou de restriction dynamiques des informations per- eat pr~sentee dans Ie cours suivant wcapproche multi-sen-
ceptives r~clam~es par la reprdsentation mentale pour seurs pour Ie vol do nuib*.
s'assurer du suivi du ddroulenient du vol.

(iii) enfin, au niveau global du systbme, l'augmen-
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Approche multi-senseurs
pour le vol de nuit

limitations perceptives et cognitives

Renk Amalberti

CERMA Ddpartement ergonomie adrospatiale

CEV Brttigny, Brdtigny sur Orge Cedex, 91228, France.

Rdsumi: Les vols de nuit se multiplient pour d'dvidentes Abstract: Night-flight activities have significantly grown
raisons operationnelles de disponibilit6 continue des for- to allow Forces being permanently operational. The level
ces a6riennes. Les performances doivent si possible rester of performance for these activities is expected to be the
identiques au vol de jour. Pour pallier I la ddficience same as itis in day time. Thus, visual support systems have
visuelle de la vision du monde exterieur, la solution gene- been designed to mitigate the consequencesof night-vision
ralement adopt6e consiste & doter les cockpits ou les limitations, e.g. Electro-optical systems (radar), NVG,
systbmes de casque du pilote de visualisations artificielles FLIR, Real-time terrain image. Some of these support-
restituant une partie du spectre non vu (Jumelles intensifi- systems are mixed, using several sources although they
catrice de lumitre, FLIR, fichiers d'images de synthlse, provide the pilot with only one resulting integrated image.
etc). Les techniques de presentation d'informauon utili- Moreover, when the pilot continues to have adirect vision
sees sont classiquement qualifies de multi-senseurs dans of the external world (vision through the optical system),
la mesure oiz elles prdsentent une image rtsultante prove- the human vision has to be considered as an another point
nant de plusieurs sources (ou points de vue) sur le meme of view to be integrated with this of the visual support
monde (FLIR superposd & une Image de Synthbse presen- system. This is typically what is termed the *integrated
t&e elle-meme dans le HUD par exemple). Par extension, multi-sensor and sensory approach*. Men have a special
si l'on ajoute la vue de l'operateur, on arrive I un concept position in such conditions: first, from a perceptive point of
de techniques multi-senseurs incluant l'operateur lui- view, although they are impaired by night-conditions, their
m.me avec ses differentes modalitts senworielies. L'opd- eyes complement the machine vision. Second, from a
rateur humain occupe une place trbs particulitre dans ce reasoning and decision making point of view, they must
m6canisme: il procure I la fois une point de vue sur le adapt their mental processes to this complex visual input
monde, compidmentare aux machines, par ses yeux et ses made of a mixture of natural and artificial vision. This
autres organes sensoriels, mais il est aussi le dernier course aims at describing the resulting effects of this
maillon de la chaine I qui est destind l'ensemble de position forperception and reasoningactivities.Theframe-
l'integration des differents points de vue. Ce cours s'atta- work model of cognitive activities described in the pre-
che h d6crire les effets sur la prise et le traitement de vious courseon mental images servesasadeparturepoint.
l'information de cette position particulitre. On replace Then are discussed (i) how humans solve the possible
l'ensemble de cette activit6 dans le modtle g6neral des distorsions between sensors and human vision, (ii) how
activitts cognitives pr6sentd dans le cours sur les images these perceptive input are integrated into mental represen-
mentales. On discute les effets de distorsions entre points- tations, (iii) the central question of confidence into visual
de-vue donmns par les senseurs techniques et par les sen- support-systems and (iv) the related consequences for
seurs biologiques, puis on prdsente les effets de ce type de workload.
visualisation sur la repr~sentation mentale, les problemes
de confiance et I'augmentation de la charge de travail qui
en rdsulte.
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SOMMAIRE sdes depuis plusicurs annees pour suppl6er A la vision de

0- Introduction nuit: syst~mes 6ldctro-magndtiques types radar, jumneiles
de vision de nuit, images de synthbse, FLIR, etc; aucune de

1- Aides h la vision de nuit: un bref rappel des systbmes ces solutions s'avbre satisfaisante seule. On a maintenant
classiques et des approches multi-senseurs reccours I des combinaisons de solutions qui reprdsentent
I-1I les automatismes de guidage en altitude-route. typiquement des approches qualifiafables de *multi-sen-

1-2 les solutions qui pridsentent une image du monde seurs)*. puisque plus jeurs senseurs sont utilisds pour ren-
extdrieur sur une visualisation de la planche de bord. forcer la vision humnaine.

1-3 les solutions qui pr~sntent une visualisation superpo- Aprts line brbve description des differentes solu-
see & la vue naturelle du monde exterieur. tin d~j existantes, oti en cours de ddveloppemnent, le

cours se concentre sur lea prob1bmes cognitifs engendrds
2- Repr6sentation de la scbie visualisde et representation parces technologies pour l'utilisateur final. Lesproblbmes
mentale de base de la prise d'information, particulibrement vi-
3-Systbmes multi-senseurs et charge de travail suelle, ne sont pas detailids dans ce cours, puisqu'ils font
3-1 Rappel sur is charge de travail l'objet des autres cours de cet enseignement sur la vision

nocturne. L'analyse porte plut6t sur trois aspects compl6-
3-2 Systbrmes multi-senseurs,chargede travail et influence mentaires particulibrement sensibles au niveau du traite-
sur le choix des strategies ment de l'information: (i) is qualite de la reprdsentation
4-Systbmes multi-senseurs et mecanismes de confiance physique du monde et son influence sur is represenitation

4-1 Mdcanismes mentaux de la conflance mentale et les strategies cognitives de conduite du vol et de
4-2 onfanc etappoche muti-ensursprise d'information, (ii) la charge de travail induite par ces
4-2 onfinceet aproces ultisensurssystemes et les consequences en matibre de straftgies de

Rdferences planification,et (iii) isreistiondeconfiance etlesmdcanis-
inca de misc en doute de l'information pr6sent6e et les
relations avec les activitds perceptives. Ces diffdrentes
notions sont decrites dans 1'optique d'un cours, avec I

0-INRODUCTION chaque fois un rappel theorique precisant lea grandes
lignesdes connaissaces suriedomaine,avancd'envisager
leur application A l'approche specifique multi-senseurs en

Les vols de nuit se multiplient dans les Forces pour vol de nuit. On prdsente dans une cinqui~me partie quelles
entrainer les 6quipages A etre opdrationnels 24 heures sur amdliorations seraient souhaitables pour faciliter le travail
24, si possible avec un niveau egal d'efficacitd. cognitif et lapart de l'entrainement dans le gain de perfor-

Les conditions de ces vols ont dgaleinent dvolud mance attendue avec ces systhmes.
avec le combat moderne; ii s'agit, pour Ia plupart des cas,
de vols basse altitude, et meme Utrs-basse altitude en
hdlicoptbre de combat, b grande vitesse quand il s'agit
d'avions Areaction, et cequelles-que-soient les conditions 1- AIDES A L,% VISION DE NUIT: UN BREF RAP-
mtdtorologiques; autant de conditions particu~irement, PEL DES SYSTAMES CLASSIQUES ET DES AP-
accidentogones. PROCHES MULTI-SENSEURS

Ces conditions, dejk ex~trmement demnanclantes de
jour, se trouvent alors particulitrement dangereuses et
complexes I ex~cuter de nuit du fait des limitations natu- Lea solutions techniques propos~es pour rendre lea
relies de la vision du monde extdricur. vol de nuitpossibles dans lesconditions de vision nocturne

Lea suppldances spontan~es des autres modalites sont de trois ordres:
sensorielles sont ici trbs r&Iuites (telsiles r~sultats observes
par exemple chez lea malvoyants qui compensent Icur 1-1 les automatismes de guidage en altitude-route.
handicap par une meilleure exploitation do leurs sons
auditif et tactile et kinesfthsique). L'audition sert peu en Ils d~chargent le pilote du risque d'anti-collision
vol tactique de nuit, et les entrees kinesthesiques, meme si avec le sol (systbme de suivi de terrain). Ces automatismes
ellea peuvent informer grossibrement sur l'altitude (turbu- sollicitent peu l'attention du pilote au niveau perceptif (en
lences), n'apportent pas d'infonnation-cids sur la conduite
precise de Ia trajectoire.

Plusicurs solutions techniques ont donc Wt propo-
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g6n6ral one visuaisation permet desuivre simplementleur int6grer, et celui d'un observateur externe transmettant le
bon fonctionnement). Mais Uls ont deux inconv6nients r6sultat an cerveau. On retrouve dans cette famille :
majeurs: Ulsne sont pas discrets (6mission radaren suivi de (i) les deox derniers systbmes (FUIR et Image de
terrain) et ne fournissent aucune vue do monde eXtdrleur synth~se) qui se retrauvent superpos6s par on systbme de
pour aider aux prises de decision opportunistes qoi font renval aptiquc A on viseur tete haute, on & on 6quipement
l'interet d'embarquer on pilote I bord de I'adronef. Us fl de tete. Le pilate voit 44 travervs cette image le monde
peovent don etre que des solutions d'accompagnement. extdrieur.

On retrouve 6galement une autre type de systbme,
1.2 Its soluions qui prisentent une image du monde totalement different:
ext~rieur sur une visualisation de Ia planche de bord. (ii) lesjomelles de vision nocturne, qoi amplifient.

On retrouve dans cette famille : Ia luminance de Ia scbnc et augmentent ainsi significative-
(i)lessoltios cassqus decto-mgn~iqus tpe ment sa visibilitd. Uk encore, lPimage du monde extericur

rdr(pafi) lessoluisclaussiqueslectro-magnqes)iqui rstyp reste degradee, appauvrie dans les d6tails fins et particulib-

tent nn plan rdglable en coupe do relief frontal, plus 00 u s remt leFInr auxe conditionrls mesteooogqes.deto-p
momns zoomt, et plus au mains horizantal en fanction de la useleFIaxcodtnsdtrlgie.
distance. Ce sont les solutions les plus anciennes. Elles ne
sont pas discr~tes et n~cessitent one interpretation mentale
importante do pilote pour pracetlerh l'anticollision avec le
relief; elles ne foornissent aucune passiblitd de vair des 2- REPR~kSENTATION DE LA SCEkNE VISUALI.
d6tails opdrationnels. En bref, cules sontpeo efficaces pour S9E ET REPRINENTATION MENTALE
les situations operationnelles autres que les phases de na- Lecaorsprec~dentsurl'imnagementaleavaitmantre
vigation de nuit. que Is representation mentale, verbalc 00 imag~e, sert de

(ii) les visualisations do monde extdrieur issues de guide aux pracessos perceptifs. Elle est canstrnite avant
capteurs infra-rouge. Ces visualisatians type FLIR (Far- l'activitd, et dvolue avec cette activitd en so defarmant et
ward-Looking Infra-Red) faurnissent one image efficace s'adaptantaux circanstances particulibres de lardalisation
do la scene tactique plus que de Ia scbne g6ographique de la tfiche en fonction do rdsultat des perceptions.
(reperage de toutes les sources de chaleur); main Us degra- Les systbmes multi-senseurs occupent one posi-
dent lc mande extdrieur, particnlitrement dans Ia zone des tion particolibre dans ce processus d'accomodation de Ia
hautes frequences (details fins) et cc, d'aotant qne les represetatian mentale aux ciranstances reelles. Uls four-
niveaux de constrastes atteints sont relativement faibles nisssent n intermediaire symboliquerepresentantle mande
(Menu, 1989) dans lequel dvaloe I'aeranef. Mgmequandlasvision directe

(iii) les visualisations synthdtiques dn terrain sur- cstpossible & travers les images presentdes, cemonde reste
vale, images issoes d'une base de dannees embarqnee. Ces simplifid, amput de ses details fins (hantes fr6quences), et
images sont de bonne qualitd, avec one bonne lominance, en canditions met6orolagiques d6favarables, de do tails de
mais restent artificielles, simplifides, et no contiennent taille bien plus grandes (mayenne et basse frtjuences).
dvidemment que les informatians de Ia base de donneos au Ces d~tails fins, invisibles, sant pourtant utiles au suivi de
moment de sa constitution au de sa rdvision. Lour pro- la repr6sentation mentale et A son ajustement au faits rdels;
blme est de deux ardres : actualisation (par rapport A Ia (details tactiqoes, details de trajectoire, repbres au sols,
date d'enregistremcnt) et decalage au phdnombne de dd- zanes dangereuses, i.e.: lignes h haute tension).
rive (par rapport au relief reel). Lo traitementcagnitifdeccuteamputation de vision

Dans los systbmes les plus modernes, an envisage estgeneraementrealse par l'intennediaire de denx straW
de fiabiliser l'image synthdtique do terrain (detection des gies : (Santucci et cali, 1984; Valat et Amalberti, 1989)
decaages) en superpasant l'image FLIR et/aou en procd- -Ia strategic d'inference par proximitd : il
dant Ades vdrifications radar. On entre1A dans les systenies faut recupdrer de l'infarmatian nan visible mais dont Ic
typiqoement multi-senseurs. pilate salt Is forte prababilitd d'existencc; on calcul sym-

bolique sur In representation permet, grAce aux connais-

1-3 esslutonsqi p~setentunevisalistio suer- sances possedes sur Is thchc, de positionnerparpraximitd
1.3e Iesslutinsqui rsenendu mnde veuairieuti suer I des details mains fins Ie an les abjets recherch6s; Is

pos~ A a vse nlurlledismond ex~riur.representation guide alors Is perception vers ces d6tails
Dans cc cas, les systbmes molti-senseurs ant la mains fins. Au retour, on nouveau traitement cognitif

particularite quo l'oeil humain devient h Ia fois acteur et inferentiel permect d'estimer Is localisation d'abjcts non
spectateur, jouant lc r6lc d'un senseur supplemernaire h visibles. Cette stratgic se tradoit percoptivement par In
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n6cessit6 d' une exploration plus large et plus fitquente du 3-SYST~kMESMULTI-SENSEURS ET CHARGEDE
chanp visuel, bien conflnn6e par Its expdrimentations en TRAVAIL
champ visuels r~uits ou'd6gradts(Papin et coll, 198 1). II 3-1 Rappel sur la charge de travail
s'agitlkd'une sv ide pilotenovices en voldenuit;elle
est risqu~e et explique la forte charge de travail du pilate
d6butant les vols de nuitavec des systbnes multi-senseurs. La charge de travail 6value one certaine intensitd

du travail (Leplat, 1985). On peut encore parlor d'6valoa-
-la strategie de niojadre risques: jes calcuLs tion de la pdnibilit6, ou encore de la fatigue bien que cette

infdrentiels sont cofiteux en ressources et sont rapidement dernibre notion Soit sensiblement diff~rente (la fatigue est
remplacds avec l'entrahiement par des connaissances plus la consequence de la charge).
automa sds int rddans Ia sruturen m-medeIa repasen- La charge de travail fot longtemps oniqoement
Wazon :i.e. : wde noit, prendre ses repbres sor les villes, ne appr~cide A travers les activit6s observables de I'individu.

plus prendre de rqpbres sur les for~tsw, wdeux. coilines Mais les problbmes th~oriques se sont posds dbs que ! 'an
proches de nuit= ligne Ihaute tension entrelesdceux = prise a voolu mesurer la charge de travail mentale du fait de la
d'altitude de s6corit6&, on encore 4cne jamais passer verti- non-observabilit6 des activitds mentales. Une partie des
cal colline donui = risque depoteaox, antennes, etc*. Dans ddveloppements scientifiques n'a alors eo pour cesse qoe
ce cas [a repr~sentation est recodde, accomod~e de fa~on de contourner cente difficolt, en essayant d'acc~der I
teile I cc que les indices n~cessaires I son sUivi ne soient d'aotresobservables,moinsevidentsqoelecomportement
plus dans le spectre do non visible. Cette stat~gie rdsulte physique, mais corr~lds I cda charge de travail mentale*.
typiquement de l'entralnement, et de l'accomodation Pro- Ce fut particulibrement le cas de 1'6tude des correlats
gressive de la reprdsentation utilisde dejour. A tertue, chez comportementaux, physiologiques et psycho-physiologi-
les sujets trbs experts, les deux repr~sentations, de jour et ques (mesurer l'EEG, l'EMG, I'ECG, le clignement des
de noit, correspondant I [a m~ne mission et au m8me paupibres, etc ...}.Le point commun de ces approches reste
terrain g~ographique d'activit~s, diffbrent considerable- l'absence de th~orie sor la charge proprement dite bien
ment avec des prises d'informations et des choix tactiqoes qu'elles utilisent des thories locales sor le fonctionnement
trfs diffirents: c'est 1A on trait classiqoc de I'expettisc humain (par exemple les th~ories sur le fonctionnement
homaine (i) que de faire d'abord one prise de conscience cardiaque et son adaptationk Il'effortou encore los thories
de ses propres difficolt6s, cc qoi demande toujours do sor la vigilance et leorlien avec la sous-charge de travail)
temps et de l'entralhement, puis (ii) de s'adapter en fonc- onn- hrh pas e exliqr lorigine de la zhargea
tionde ses propres savoir-faireotde sp~cifierdesnouvelles cherchel mesurer one des manifestations de son existence.
connaissances h la noovelle situation (Amalberti & al, Les m~dthdes utilisds samt valid~es si clles montrent des
1991). variations reproductibles do parambtre mesor6 quand on

Les Etudes rdalis~es en adronautique (Amalberti, impose des contraintes diff~rentes au sujet.
1992) indiqoent quelques valeurs g~n&raes do processus Vers la fin des ann~es 40, les travaux des
d'accomodation de Ia repr~sentation. Poor commencer h informaticiens duuisentlamdtaphoreducerveauhwmain
ddriver une repr~sentation stable dan5 one activitd 1100- / ordinateur-considrdr comme on systhne de prise et de
velle, Hi faut de l'ordre de 30 heures de vol dans los traitement de l'information symbolique. Ces travaux
conditions particulitres de la situation (mais le caractbre montrent que I'hommc eat fortement Iimitd en puissance
distriba6 ou mass6 de I'apprentissagejoue dgalement, et le intelloctuelle par los caractdristiques de son systhne cog-
chiffire pourrait tamber anx environ de 20 heures avec on nitif (par exemplo la taille de sa m~moire I court terme, an
entralnement. trbs massE). Poor stabiliser ct sp~cifler tOta- encore ses capacit~s attentionnelles; on parle m&ne de
lement cete representaion, ii faut de l'ordre de 100 heures canal limnitd de traitement obligeant l'opdrateur aeffectucr
et le processus est sans limitation sop~rieure (On peut destraiztements strictement s~riels). La charge de travail est
toujours specifier encore plus la reprtsentation). Cet inves- alors consid&r& comme Ia cons~quence des saturations
tissement eat long, si long que l'on pourrait envisager, des capacit~s I diffdrents niveaux opdratoires.
comme dans bien d'autrcs activit~s humaines, de quasi- Des dvolutions modernes de ces theories in-
ment sp~cialiser des postes de pilates de nuit, oji, tout au rdiotesvbsciiqsendm tatlpsiiid
long d'une affectation, lo pilote exercerait son activitd d trodiromntdespvralesde pquesend nfonrmatipons asbit
drobablomuen exsetrelement conequnti poe bdice serait~r certaines circonstances et la possibilitd de stratgies deprobbleent xtrmemet cns~qentpourle aracbre contournementdes limites cognitives. Le conceptde chargeopdrationnel de ces vols. de travail 6voluera alans vers I'id~e d'une consommation

dynamique de ressources cognitives, avec saturations
possibles h certaines 6tapes cd~s do traitement. Cette th~o-
rie introduit 6galement la motivation qoi permet I l'op~ra-
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Performances
Erreurs cie tyJpe faute

Contro~le du processus

1ee4

Contrdle des interm~diaires
(machine, interface)

£rreur de type techrnique

Controle de soi-me~me
Erreur de ty~pe routine

MWta-connaissances

sac.Les premiers travaux dana cette direction sont d'abstraction. En r&=u6, le contr6le ego-centrd est sous
probablement dis IPiaget (1974) avec les concepts d'abs- la d6pendance d'un niveau d'abstraction plus grand que le
traction simple et d'abstraction W1f6chissante. L'abstrac- niveau de conduite proprement dit. Lea mdza-connaissan-
tion simple est la repr~sentation de l'action ou des objets I ces jouent un rdle essentiel dans ce contr6le. L'homme eat
manipuler dans l'action. L'abstraction rdfl~chissante eat capable d'organiser le procesaus pour rester dans le cadre
diffirente : il s'agit de la compr6hension par l'opdrateur de sea capait6s, et de surveilier 'clogiquementos (sons-
(de la prise de conscience) des raisonnements et actions entendu en utilisant des raisonnements utilisant la logique
pirdsentes dana sa repirdsentation de l'action (son abstrac- formelle) l'ex~cution du travail afm d'dviter au maximum
tion simple). de commentre des erreurs. Mais un tel fonctionnemtent.

Le r~sultat de cette prise de conscience de l'acti- cognitif eat coOteux et doit etre utili6 moderfment; il eat
vittestty-piquementunedlevation du niveaudecontr6lede donc rdservd aux situations comprises et connues comme
l'activitt (Hoc, 1987)qui vaservirpourl'opdrateur&6viter potentiellement incidentelles; pour lea autres; situations,
lea domaines dana lesquels ii eat pen performant, A mieux lea plus fr~quentes dana I'activite, lecontr6le conacientest
contr~lerles domaines ob lea actions doivent eres pr~cises plus succinct; ii porteessentieIlement sur des dtapesclis de
et bien r~alis~es, etc. 1'exdcution (concept de contible par noeud, Amalberti

Vermersch (1976) d6veloppe cette persective 1988); dans ce dernier cas l'dvitement d'erreur estsurtout
Piagetienne de la r6gulation des actions en l'appliquant au Wi A l'encodage dana; la procddure d'action de base (et non
domaine du travail. II d6crit plusieurs regiszres de fonction- dana une procddure de contr6le consciente qui serait d'un
nement, reprenantlescaract6ristiques des diffdrentas sades niveau plus elev~e) de certaines pr~cautions, astuces, re-
Piagetiens, chacun correspondant & des raisonnementa dondances, qui limitent le risque d'erreur et le risque de ne
logiques plus on momns fornels; il fait l'hypozbase que ces pas d~tecter / r~cup6rer lea erreurs si elles sont comnmises.
diff~rents registres peuvent se retrouver chez l'opdrateur
en fonction des exigences de la tiche. U introduit dgale- > Le contrdle exo-centr6: Ia confiance dana, lea systbmes.
ment le concept de ndcessaire compromis entre d'un cotd Une douxibme dimension importante du
un niveau do fonctionnement I fort contr6le et forte abs- contr6le de I'activitd porte sur lea interm6diaires symboli-
traction rtfl~chissante, sans dante idUa en mati~re de ques qui servent I la conduite.
performance, et d'un autre cott la ndcessittdde s'6conomi- Dbs Ions se pose pour le conducteur la
ser en permanence et de travailler au plus faible niveau question centrale de la confiance & cette repr~sentation
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towr d'augmenter los ressources qu'il alloue h la tiche au pldance I I& vision nocturne type jumelles de vision noc-
prix d'une, diminution de sa capacitE de rdserve et d'une turne ou FLUR laissent penser que le vol avec systtmne de
fabiguabihitd plus grande. suppldance ne doit pas d6passer I hemr; le maximum de

La psychologie cognitive moderne p~rolonge peromance est anemit aprts 5 minutes de port (systbncs
conte position en expliquant le mdcanisme I partir des de *et) on d'utihsabion suir le tableau de bord, puis Is
asfavim-rde I'opateur. Plus 1' aop~ urdevientexpert perfonnancecommencekchutervers20minutesd'utilisa-
pour on tfiche, plus los processus do rdcup6ration et do tion. Ce hiffre suggterant oneC organisaiSon opera-
traitemont de l'information devionnent automatiques et tionnelle do la mission utilisant au mieux les capacitds do
6conomisent do la charge do travail (modble do Shiffrin et l'op~atur (6ventueliement avoc des pdriodes do non
Schneider, 1977). Ccn'estdonc pas finalement Requantit6 utilisation du m&&~iel do suppidance), prenant ainsi en
des informationsh traiter (Ics flux)quiconstitue la difficul- compte la gostion do la charge et de la fatigue rfsuktante.
td majeuro dans Is plupart des cas mais leurs 4quaiirb, -M~me avec I'biabittation, le surcrofttderaisonno-
c'est h dire leun comnplexit6s et leurs familiarit6s pour ments inf~entiels n6cessaires en vol de nuitpour recaler la
1'opfrateur. (Do Montmollin, 1986). reprdsentation mentale participe aussi largement & aug-

Enfin, los ojrateurs humains refusent en g6ndra1 mentation do la charge de travail.
do voir leur charge do travail augmenter et so rapprocher do
sos limites accoptables. La r6ponse est gn6gralement us
changement do niveau d'aspiration dans ie resultat do Re 4-SYSTMES MULTI-SENSEURS ET Mt:CANIS-
tiche. Par exemple Sp6randio (1980) montro quo los con- MES DE CONFIANCE
tribeurs do Re navigation a6nienne changent do strat6gie
quand Re nombre d'avions I contr~ler augmente afin do
r6guler lour charge do travail constamment & on niveau Les prob1bmes do confiance et do prises do risques
acceptable. Ils finissent par ne plus parlor qu'aux avions sont au centre do l'utilisation do systbmes multi-senseurs
qui prtsentent tin risque do conflit. de suppldance I la vision nocturne. Une longue inroduc-

Ce point est dvidermment & considker quand on tion th6onique rappolle los prncipaux m6canjSmes men-
"aayse los performances du vol do nuits par rapport au vol taux pour assurer cetto confisilce.
do jour.

4-1 Mcanismus mentaux de la coruf ance
3-2 Systkmes multi-sanoers, charge de travail et in-
fluence Sur lechoix des strat6gies Ulne sert Irend'avoffuon tftbon niveau de

planification et do decision on us trbs bon savoir-faire
professionnel dogestion othchesicesd6cisionsetsavoir-

L~a charge de travail augmente mecaniquement faire sont gichds Par des erreurs d'ex~cution on par us
avec Re vol do nuit pour plusiours raisons : manque do fiabilitd do l'interface et des syszjmes.

-Re situation est moins connue, los procossus men- Ces doux aspects doterninent justemonet Re do-
taux sont donc momns automatisds et Re cotrl cosin maine du contr6le do l'activit6 d6fini ici en complkmenta-
doit &tre plus important. ritd do contr6le du processus lui-m-fe. 11 ne s'agit en plus

-la U~ge deproimid, eami~e u paagrphe des connaissances n6cessaires I Re conduire do sysIfme, I
-Rdent oblitgie do proximi6,e peciex m ent a lus pararaph laplanriaon,& Rel gestion des tiches, mais ii s'agit (i) do,

formadeti big ons por detu er pesifrmaptivesment plues in so surveiller soi-meme dans Re rtalisation des raisonne-
forchmpdeloations pour retrovere lo noraion aquamntes. ments et des actions (contr6be ego-cenitr6) et (ii) do sur-
Lochamge pedrcep rtioers tnt est agluandi et ogqe me R veiller Re qualit6 do fonctionnenient et Re tlabilitd des

chage ercptie rsulant es pls 6ev&i~ntermiaires graphiques qui servent h Re conduite, sans
-dans Re cas des details mal visiblos, l'effort n~ces- quoi Re risque do fonctionner sur des informations fausses

saire pour lespercevoir est plus important (81longement du pourraite8tre rapidement dramatique (contr6leexocenWr).
temnps do perception). Darn cc cas, Re nombre d'informa-
tions percues par unitds do temps diminue alors m&ne quo >Le contr6le ego-cetr
le point pr~c~dent suggbre qu'il faudraitatteindreen vol do La cldcognitive du contr6leego-centr estdouble
nuit on volume do fixations sup~nieur au vol dojour. Cette reprdsentation do sespoints faiblesetdes risques lidsises
pression constanto Sur la perception so traduit directement savoir-faire d'une part, maintien dWon niveau d'attention
Par use surcharge Perceptive et une fatigue visuolle. suffisant d'autre part.

Les Premiers r~suhtats op6ratonnels officieux ob- La reprtsentation do sos savoir-faire et do sos
tenus en France avec l'utilisation do systbmes do sup. points faibles renvoie au domaine do e la ta-connais-
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fourniepar les systbmes, eth traverscett reprtsentation la +Hii) ]a dernibre dimension darn la
confiancebaccorderaux systhmeseux-mfmespuisque les corniphension des m6canismes de coalinceu est 1'6cart
actions et les feedbacks stir le monde r~els vont &re toldrable entre representation du monde et le monde 1wi-
totalenient m&Ii6es par ces systhnes. Schdmatiquement, m~me. ll s'agit 11 d'un point rarement EvoquE clans la
la confiance cut on des critbres de rtgulation du niveau de littdrature mais probablement important. 1es repr~senta-
contr6le. Si la confiance cut faible, l'op6rateur doit utiliser tions graphiques fournissent tine repr~sentation fortement
en permanence on niveati de contr6le logique, conscient, r~ductrice do monde par certains coot, mais aussi forte-
basE stir les mcla-connaissances, mais aussi vetewr de ment accrue par d'autres aspects (utilisation de capteurs h
chargedetravail~cequir~duitm~caniquemientlechamnpde basse louminance, de sondes pos~es h des endroits qui
son activitE. Si la confiancest forte clans le dispositif, la aeraicat inaccssibles I I& vue et I l'estimation, etc.). La
nivean de contr~le petit aft~er avec probeblement le repr~sentation fournie cut donc one d~formation portico-
risque d'errcur de routine si la conflance est trop excessive. libre du rdel; I'op~rawwu dolt interpr~te cette reprdsenta-

Les m~canismes cognitifs d'Etablisse- tion en utilisant one wcune fonction de transfert*. La stabi-
meat de la confiance clans l'usage des systbmes peuvent lit6 decettc fonction de transfertest une fonction directe de
etre rdpertoriýs en trois cat~gories : (i) IP6valuation du la vitesse et dela qualite d'instaflation dela confiance.
comportement du systbme en conditions normales, (ii)
l'dvaloation de la fiabilitE du sysibme, et (iii) la toldrance
des Ecarts de la repr~sentation propos~e aui monde r~el. 4-2 Confrance et approches multi-smensmr

-(i) l'dvaluation du comportement de
l'interfaceen conditions normales, eth travers lui l'6valua- Lseft eluiiaind ytm esp~ac
tion du systbme tout entier, cut one condition cl6 de I la sfftdevuiisinocue rla ondinesystbm edtenupplranc
l'Etablissementdelaconfianc.Parref&enceauxrtglesde AI iinncun trI ofac vlete ri
confiance clans la commonication inter-humaine, Muir Phmes5
(1987) d~fiittroisattentesdel'oprateurdans lacoopdra- PassE la phase initiale de prise de contact (environ 20
tion Honime/machine. premnibres heures de vol de nuit), les systbmes multi-

-Pop~rateur attend que la machine suive senseorsde suppl~ancebi la vision nocturne engendrent on
des lois qwi pennettent one certaine pr~ictibilitE. et donc conflitde confiancepour l'opfratcur: parcequ'ils augmen-
qui permettent la construction d'one reprdsentation men- tent ses propres cqacwitds de vision, ces systbmes augmen-
tale apte h pr~dire les dvdnements tent la confuanc de cet op~rateur darn ses prore capaci-

-le second point rejoint Ie modble SRK tts et clans la prise de risque qu'iI peut prendre; le pilote a
de Rasmossen (1986). Muir distingue trois types de corn- aiors tendance, particulibrement clans le cr~ncati 40 -70
petences techniques chez l'opftateur: le savoir th~orique, heures de vol. quand il commence I s'habituer au sysibme,
le savoir pratique et la routine journalitre. Le systbme et & stir-exploiter les capacit~s do systbme et h faire tine
son interface doivent pennettre de travailler aui trois ni- confiance excessive I ses propres possibilit~s.
veaux de connaissances, or le travail ne petit devenir Darn tine seconde phase, la confiance clans la tiabi-
routinier (routines journalibres) que si le systame ddgage- litE des capteurs, une fois acqtiise par l'expdrience de pro-
on niveati de conflance suffisant. bibmes v~cus, chute rapidement, bien que I'op~rateir con-

-le troisibme point cut lie aux capacitts tiuleevreeotlseup~K.wu ge
des machines etAI la corfiane I donner hAdes informations cognitivesdecontr6le sedtveklntalorsdefa~onexces-
calcul~es par la machine et invdrifiables de visuou Opar sives, consommant 6norm~ment de ressources ati dftn-
calctil mental. Ce point rejoint l'Ealuation de la fiabilitt meat du traitement de la situation tactique (les ressowies
des sytms -(i*.vlato el lbiitdss do systbmiecognitif sonten nombre finies);c'estunephase

t~ne. Onretr -(ii)ns L'dvaltiation de Ia fialbilitE des syS- que l'on petit estimer de dur~e Equivalente I la premibre

des systhmes les r~sultats sugg~r~s per 1'exp~rimentation pae
de Moray et Lee. Mais ici, la littclrature int~resse surtout A CenWest qu'audell qocse met en placeoune relation
1'Etablissment de la confiance par estimation de Ia r iai de conflance clans les systbmes et darn les prrscac-
littE des sys*bme. Les r~sultats convergent porsulge t~s de I'oiEratetir plus exacte (rdIe des m~ta-connaissan-
la sur-evaluation dela fiabilitA.des systhmes et arapidit,6 ces) qui va servir progressivement l'installation d'one
de l'installation de cette stir-Evaluation puisqu-il suffit de performance stable de nont, avec one prise de risque plus
l'absence de plannes pendant les premitres interventions mod~r~e qti'en d~but d'titilisation. Cette phase se; tradtiit
sur Ie systbme pour que Ia (sur)confiance soic installcle. Ce par on investissement nettement plus important clans lea
r~suhtat Wecst pa~s propre I l'estimation dti risque 1id au procpations tactiques.
systme et peut-6tre g~ndralisE h tows lea domaines de la
perception dti risque .
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5-CONCLUSION : QUELS RASULTATS ET compare sont toates les deux d6grad6es dans Ics fr~quen-
QUELLES SOLUTIONS POUR AMI0IRER LES cci 61cv~es). Mais quand le d~calage cit peavu, la perte de
SYSTbMESMULTI-SENSEURS? confanceestimm~daeto tlev6riafia tainsi lemodele

expos6 pr6c&IemnmenL.

S-i qmlqonrsultatsd'expirien~utatim desys-
~ 41mh3.66U1S -2 vol de nuit et aspects gdu~raux de Ia perfor-

Uneexpdrimentationr~ccnite (APIS, 1991) surles
sysibmes multi-senseurs intdgrant des "'ngssyntu~ri. Le vol de nuit ne met pas simplement en jeti
que du terrain survoM montre que les piloes, s'ils avaient l'altdration de la vision. La fatigue Wie I la privation de
le choix pr~ftremaient un s&tm 14vsinI rvers sonmeil cit un fact=u cl6 qui diminue encore les

(HDoucasque) Iun systbme multi-senseurs pr~sct6 sur ressources cognitives disponibles. Les prernibres heures
la miache do bod du jour sont particulitremient critiques puisqu'efles cum-

La oitd ds plots uifiantdesimaes yntdtiues mulent h la fois la performance minimale dui fait diu
La oib dc plots Uilian dc imges5Y~lht~hC5 biorythme et la performance minimale du fait de la

supewposc It I& vue directe et au HUD n'envisagent cc rvtoeesmelacm~
sysibme qu'avecc des commandes d'allbgcment et de sup- prvto esmelacmlesi se pilote n a as pris de

presiontems rel u dwx~ rapdes Le aurespiltes repos depuis Is veilie. Cci facteurs peuvent consid6rablc-
presessinon tempas renore d'a ccs apoide.Ls utes poioticst mcntAftrer laperfonnanceperceptiveetcognitive deb~ase
ne rsqe drnnen psus eoe sur mond poin Cepindut parlusi du pilote utilisant les; systbmes de suppldanccs.

syssbmes, pnnipalcmentquandlesconditionsextdneures Cci effets pliysiologiques justifient amplement de
prtsentent on forte luminositd (survol de yulle ou de zone ne pas considdrer le vol de muii comme tin simple prolo-
de combat). gement. dui vol de jour mais d'y pr6parer les escadrons en

Le positionnement g~ographique cit difficile sur Ccs sys cnjopantudiffdemmentirescontraitcibhabicetuelficsd'
tbMes. Cci difficultds sont bien plus importantes que ne leIc un ifrmetsrlecnritshbtelsdu
montrent lcs r6sulhats objectifs de l'experimentation; les escadron stationn stir tine base, en organisant diff~rei-

potsrdfl~chissent tous tin long moment avant de w ment Ici repos des personneLs; en bref, en organisant ie
positionner g~ographiquement sur Ia zone qu'ils survo- trviI 6colndcletfetonel'dvdu
Waint. L8ects 6CUsont imporants en premitre estimation,
puis se r6duisent per le raisonnement sur l'histoire dui vol S-3 Quefles directions pour amiliorer le cou-
mais n6ccssitent dans cc cas plus de 30 secondes en plg HM sr ces systonaes
moyenne pouroptimiserla r~ponse. En bref~ccssysthmes
n'aident pas knaviguer; I=urr6le est plutitlecvol hcourt
terme, Is detection d'obstacles et de ciblcs tactiquci. Ce Les soluitions possibles pouramtliorar unncouplage
point cit important car il y a toujours tin risque de derive H/M sont oiijours de trois natures: agir surle systbme, agir
dans cci systbines de suppleance avcc tine extension stir Ici opdrazetirs et agir sur les instructions operationnel-
abusive de lcuremploi quiiconduirait Ides accidents plus Ics. L'utilisation de systhmes de soppidance A la vision
nombreux en d6but do misc en service. L'introduction des nocbinne n'~chappe pas A cette r~gle.
HUD ii y a dix ams a connu tin chemninement comparable L'amndhoration des systbmes cit en cotirs. Elie ne
jiisqu~h Ia stabilisation de letir philossophic d'emploi. faitpasl'objetdiretdececoursmaisdoitevidemmentetre

Dams le mime esprit, la majoritt des pilotes consi- prise en compte pour l'avenir.
d6ret que les pr6sentations multi-senseurs ne peliIetteflt L'amilioration des comphzences des opdratetirs cit
pas k elles seulci de Piloter wh vue* dans les conditions du tin element cl6 du succbs de cci systbmes. Nous avons vui
vol basi altitude- grande viteqse. T1 cit encore strictement tout aui long dui cours que la derive d'iine representation
n~ccssaire d'incorporcr des elements de guidage i55ti5 dui mentale sp~cifique, efficace, pour le vol de nuit n~cessite
pilote automatiquc et du suivi de terrain plus de elmet plisicurs dizainci et meme centaines d'hcures d'expd-
de pilotage classqucs. rience dams cci conditions. Cette representation cit diffE-

La detection des d~calages entre systbmesde vistia- rente de la representation dui m~me travail de jour. Pour
lisation I base de terrain synthetique ct relief reel s'cit toutes ces raisons, iUsemble bien qi'il ysittin gain evident
avert difficile pour tons les pilotes, sursout en conditions & massrrlativement l'entrinementdentiitet& faire qi'il
de brume et quand le relict dui terrain survolE 6tait peti occtipe une part non r~duite I Ia portion congrue de
accidentf.. Le d~calage cit per~u prfois ftr~ tardivement l'entralinementjournalier (cc quiestencore trop souventle
(tolerance de Is perception quand Isreferenccet ]'image A cas). La creation d' unites sp~cialis~es dans le vol de nuit,
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NIGHT VISION DEVICES AND CHARACTERISTICS

H. Lee Task, PhD
AL/CFHV

Armstrong Laboratory
Wright-Patterson AFB, Ohio 45433

SUMMARY

Night vision goggles (NVGs) are widely used to I

enhance visual capability during night operations.
NVGs are basically composed of an objective lens
which focuses an image onto the photo-cathode of GE
an image intensifier tube which in turn produces N
an amplified image that is viewed through an
eyepiece lens. There are several versions of M
NVGs in use and in development. These include /
the AN/PVS-5, AN/AVS-6, PVS-7, Cat's Eyes,
Nite-Op, Eagle Eyes, Merlin, and others. The 19 GEN If
first section of this paper provides a brief ZT
description and characterization of each of these N T

NVGs.
There are several parameters that are used to

characterize the image quality and capability of
the NVGs. These parameters include field-of- 300 500 700 900
view (FOV), resolution, spectral sensitivity, Wavelength (nanometers)
brightness gain, distortion, magnification, optical
axes alignment, image rotation, overlap,
beamsplitter ratio, exit pupil diameter, eye
relief, and others. Each of these is discussed in
the second section of this paper. Figure 1. Spectral sensitivity of second and

third generation image intensifier tubes.
CURRENT NIGHT VISION GOGGLES

The following sections provide a brief
In general, all NVGs are similar in that they all description of several fielded and developmental

have three basic components: an objective lens NVGs with an abbreviated table of some of their
system, an image intensifier, and an eye lens key characteristics.
system. However, there are several ways in
which these different components can be designed PVS-5
and configured which vary the trade-off between
some of the design parameters. The US Army developed the PVS-5 NVGs for

The heart of any NVG is the image intensifier use by vehicle drivers and ground troops. When
tube. Both second and third generation tubes are these NVGs were initially fielded they all used a
in wide use in fielded systems today. The second second generation image intensifier tube.
generation image intensifier tubes (typically Although in later years some have been produced
referred to as "gen I1") are sensitive to light with a so-called "second gen plus" tube which
from about 400 nm to about 900 nm whereas the provided about twice the gain as the original gen
more sensitive third generation tubes are II tube. There are currently three versions of
sensitive from about 600 nm to a little over 900 the PVS-5 (a, b, and c) which vary in their
nm (see figure 1). This compares to a human mounting mechanism, objective lens and image
visual spectral sensitivity that ranges from intensifier tube characteristics; but they all have
about 400 nm to 700 nm. The "gen III" tubes are the same basic construction. The PVS-5 is
about 4 to 5 times more sensitive to night sky composed of two in-line oculars. Each ocular has
illumination than the "gen I1" tubes but they also an objective lens located directly in front of the
cost significantly more.
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image intensifier tube. The objective lens NVGs have also been referred to as third gen
produces an image of the outside scene directly NVGs and the PVS-5s as second gen NVGs
on the photo-cathode of the image intensifier primarily because those tubes came with the
tube. Since the objective lens inverts the image original systems. However, second generation
of the outside scene it is necessary to employ a plus tubes have been installed in ANVIS type
fiber optics *twister* to rotate the amplified housings so the correct designation should include
image back to an upright orientation. An both the NVG type (e.g. ANVIS or PVS-5) and the
eyepiece lens is located directly behind the image intensifier tube (e.g. second gen, second
output of the image intensifier and acts as a gen plus, or third gen) to prevent confusion.
simple magnifier lens for viewing the output The ANVIS NVGs look very much like a pair of
image. The objective lens and eyepiece lens have binoculars. The fundamental optical design is
the same focal length to produce a system with very similar to the PVS-5 in that an objective
approximately unity magnification. The eyelens lens focuses an image onto the photo-cathode of
is adjustable to accommodate -6 to +2 diopters the image intensifier tube, a fiber optics twister
of correction to compensate for wearers who re-inverts the output image that is viewed by a
require eyeglasses. simple magnifier eyepiece lens. The mounting

The housing for the PVS-5 is somewhat bulky system is substantially different in that the
with a padded back surface that rests against the ANVIS was originally designed to attach to a
face. When originally fielded the PVS-5 was helmet. The mounting system provides
mounted to the head by a series of straps that adjustments for inter-pupillary distance, tilt,
went around and over the head. Later versions vertical, and fore/aft position. The objective
were modified to attach to a flyers helmet and lens was also of a lower F/number (ratio of focal
had much of the housing cut out to permit the length to diameter of lens) to improve its light
wearer to view under the NVGs at flight gathering capability and thereby increase the
instruments (McLean, 1982). This led to the overall gain of the NVG. Table 2 is a summary of
PVS-5c version. Table 1 is a brief summary of the key characteristics of the AN/AVS-6 NVG.
the key characteristics of the PVS-5 NVG.

Table 2. AN/AVS-6 Characteristics
Table 1. PVS-5 Characteristics

Field-of-view: 40 degrees circular
Field-of-view (FOV): 40 degrees circular Resolution: 20140 - 20/50 Snellen
Resolution: 20/50 - 20/70 Snellen Exit pupil: None
Exit pupil: None Beamsplitter: No
Beamsplitter: No Eyelens Adjustment: -6 to +2 diopters
Eyelens Adjustment: -6 to +2 diopters Weight: 550 gm
Weight: 880 gm (31 oz)

,AN/PVS-7

The PVS-5 NVG does not have a real exit pupil
since it does not use a relay lens. The resolution In an effort to reduce costs for providing NVGs
range shown in Table 1. reflects the range of to ground forces the US Army developed the
values that have been published by different PVS-7 NVGs. This NVG is unique in that it is
authors over the past 10-12 years. Since the biocular: it has one objective lens, one image
image intensifier tube is a key component in intensifier but two eyepieces. The objective lens
limiting resolution it is most probable that the and image intensifier tube configuration is
20/50 Snellen acuity (published in more recent similar to the PVS-5 and ANVIS; however, since
documents) is a result of improved image the optical system used to split the image for the
intensifier manufacturing and design. two eyes re-inverts the image it was not

necessary to twist the fiber optics to do the re-
AN/AVS-6 (ANVIS) inversion. However, a fiber optics conduit was

still used (without twist) since it was integral to
The AN/AVS-6 or aviator's night vision the manufacture of the tube.

imaging system (ANVIS) NVGs were developed by Another significant difference between this
the US Army specifically for use in helicopter NVG and the ones previously discussed is that it
flying. These were also designed using third uses a relay lens to transfer the image from the
generation image intensifier tubes which has led output of the image intensifier tube to the
to some confusion in terminology. The ANVIS eyepiece lenses. This causes the creation of a
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real exit pupil (see later section on NVG a pilot to view his aircraft HUD without the loss
characteristics). Table 3 is a summary of the of image quality that might occur if he/she
key characteristics of the PVS-7 NVGs. viewed the HUD through the image intensifier

system.
Table 3. PVS-7 Characteristics However, this design concept requires that the

optical path after the image intensifier tube be
Field-of-view: 40 degrees circular folded which leads to a smaller obtainable field-
Resolution: 20/40 - 20/50 Snellen of-view. In addition, the beamsplitter reduces
Exit pupil: 10 mm dia the luminance from the image intensifier tube
Beamsplitter: No thus reducing the gain of the system. Table 5 is
Eyelens Adjustment: -6 to +2 diopters a summary of the Cat's Eyes NVGs.
Weight: 580 gm (w/mount)

Table 5. Cat's Eyes NVGs

It should be noted that the PVS-7 NVGs are not Field-of-view: 30 degrees w/clipping
considered suitable for piloting aircraft for Resolution: 20/40 - 20/50 Snellen
safety reasons: if the image intensifier tube fails Exit pupil: None
then the image is lost to both eyes whereas with Beamsplitter: Yes
the PVS-5 or ANVIS if one channel fails the other Eyelens Adjustment: None
is still available. Weight: 750-800 gm

The folding of the optical system results in a
The Nite-Op NVG was developed by Ferranti circular 30 degrees field-of-view with some

International for the British military as an clipping of the image in the lower right and lower
improvement over the ANVIS NVGs. The basic left. This makes the actual FOV appear something
design is very similar to the ANVIS NVGs but the like a baseball diamond viewed from above.
mounting system is much more ruggedized and
the field-of-view is larger. In addition, the EALE EYES NVYs
eyepiece lenses are much larger in diameter
which permits larger eye relief and/or larger All of the previously discussed NVGs have been
mounting/positioning tolerance with respect to fielded and are in use in military applications
the wearer's eyes. Table 4 is a summary of key somewhere in the world for either ground or
characteristics of the Nite-Op NVGs. aviator use. The Eagle Eyes NVG designed by

Night Vision Corporation is still under
Table 4. Nite-Op NVGs development. The unique feature of the Eagle

Eyes NVGs is that the optical system for both the
Field-of-view: 45 degrees circular objective lens and eyepiece lens are folded to
Resolution: 20/40 - 20/50 Snellen produce a low profile NVG that fits fairly close to
Exit pupil: None the face. In order to do this, the objective lens
Beamsplitter: No apertures are spaced further apart than the
Eyelens Adjustment: -3.5 to +0.5 diopters distance between the two eyes producing some
Weight: 750 gm stereopsis exaggeration at close distances. The

Eagle Eyes are also designed with a beamplitter
eyepiece lens system to permit direct viewing of

t the HUD and/or instrument panel. Table 6 is a
brief summary of the key characteristics of the

The Cat's Eyes were developed and are Eagle Eyes.
produced by GEC Avionics in UK. The front end Table 6. Eagle Eyes NVGs
optical system is similar in basic design to the
ANVIS but the eyepiece optics are significantly Field-of-view: 40 degrees circular
different. These NVGs were designed to provide Resolution: 20/40 - 20/50 Snellen
a see-through combiner (beamsplitter) in front of Exit pupil: None
each eye which allows the wearer to see his Beamsplitter: Yes
instrument panel or head-up display (HUD) Eyelens Adjustment: None
directly without going through the image Weight: 580 gm
intensifier. This concept was developed to allow
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Due to the nature of the folding in the Eagle the paper discusses a large number of these
Eyes optical system there is very little eye parameters and how they relate to vision. Table
relief and the peripheral vision is reduced. These 8 is a list of these parameters.
were the trade-offs to obtain the extremely low
profile of these NVGs. Table 8. NVG Design Parameters

MEBRLINL Field-of-view Signal-to-noise ratio
Image quality Luminance uniformity

MERLIN (Modular, Ejection-Rated, Low-profile, Exit pupil size Luminance level
Imaging for Night) is under development by ITT Eye relief Luminance gain
corporation. It uses two separate, independently Image location Beamsplitter ratio
adjustable oculars and a unique image intensifier Magnification Fixed pattem noise
tube design. The image intensifier tube and Image rotation Binocular parameters
power supply have been repackaged. The tube Distortion Optical axes alignment
does not use a fiber optics faceplate or twister
which allows for improved resolution. The
optical system does employ a relay lens that Field-of-View
produces a real exit pupil. The system is
designed to fit onto existing HGU-53 and HGU-55 Probably the first parameter that most people
aviator helmets. Table 7 is a summary of the are concerned with in an NVG is the field-of-view
MERLIN characteristics. (FOV). The FOV is the angular subtense of the

virtual image displayed to the wearer. This is
Table 7. MERLIN NVGs typically expressed in degrees for both the

vertical and horizontal dimensions, or for the
Field-of-view: 35 degrees circular diameter of the FOV if it is circular. Another
Resolution: 20/35 - 20/40 Snellen practical problem is the trade-off with resolution
Exit pupil: 10 mm dia (image quality). The image intensifier has a
Beamsplitter: Yes or No (optional) finite number of picture elements (pixels). As
Eyelens Adjustment: None the FOV is increased these pixels are spread over
Weight: 800 gm a larger angular expanse resulting in a larger

angular subtense per pixel which corresponds to
a lower angular resolution to the observer.

OTHER NVGSYSTEMS (Note: this is an oversimplification of this trade-
off since image quality is more complex than the

There are several other NVG systems that concept of pixels implies but the general
have been developed but due to their proprietary direction of the trade-off is the same: larger FOV
status they are not discussed here. The systems means lower visual resolution).
that have been presented provide a fairly The total NVG FOV can be made larger by
complete coverage of the different approaches making the FOV of each ocular of a binocular NVG
(beamsplitter vs beamsplitter; pupil forming vs partially overlap the other. The visual effects of
non-pupil forming; folded vs non-folded optics; partial overlap may outweigh the value of the
biocular vs binocular; fiber optics twister vs no extended horizontal FOV if the overlap is too
twister; etc) that have been tried, little. At least one study suggests that there is

Another device that is closely related to the little performance difference between 100%
NVGs and has been retrofit to some NVGs is the overlap and 80% overlap for visual recognition
NVG-HUD. The NVG-HUD was designed to provide performance (Landau, 1990) implying that an
critical flight information symbology overlaid on 80% overlap binocular NVG may be a good
the NVG FOV. Several different designs have compromise between the need for larger FOV
been developed to retro-fit to existing NVGs and without impacting visual performance.
there is a desire by some organizations to include
the symbology generation capability as an Imag.Qualiy
integral part of the NVG for aviation use.

Image quality is a complex subject that
NIGHT VISION GOGGLES CHARACTERISTICS involves several other parameters (Task, 1979).

Probably the key indicator of image quality is the
There are many parameters that are used to modulation transfer function (MTF) of the display

characterize night vision goggles. This section of which describes how much contrast is available
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as a function of spatial frequency (detail). Two When the eye pupil is fully within the exit pupil
parameters related to the MTF are gray-thades of the NVG then the entire FOV is observed; if the
(contrast) and resolution (maximum spatial eye pupil is only partially in the exit pupil (and
frequency that can be seen or "resolved"). For the exit pupil is unvignetted) then the observer
simplicity, the resolution of a display relates to will still see the entire FOV but it will be reduced
the number of pixels. As noted earlier, the in brightness. This can be particularly
resolution tends to decrease as FOV increases disconcerting for NVGs used in high performance
which implies that image quality also decreases aircraft because the pilot may not know whether
with increasing FOV; another trade-off of two he is starting to lose the exit pupil or if he is
desirable attributes. starting to get visual "grey out" from high

There are some practical problems in acceleration maneuvers. Once the eye pupil is
measuring the resolution of the NVGs. The outside the exit pupil then none of the NVG FOV
simplest approach to measuring resolution is to can be seen. It should also be noted that the NVG
have a trained observer look through the NVGs at FOV may become vignetted (lose part of the
a calibrated test pattern under controlled lighting image) if the eye pupil is too close to or too far
conditions. However, the results obtained still away from the exit pupil.
depend on the visual capability of the observer From a visual capability standpoint it is
and on the type of test pattern used. Probably important for the exit pupil to be as large as
the most popular test pattern for determining possible to ensure the eye pupil will remain
resolution is the USAF 1951 Tri-Bar resolution within it to permit viewing of the NVG.
pattern. Others that have been used include a However, large exit pupils typically come only at
Landolt "C," a tumbling "E," a standard Snellen the expense of greater size of optics and weight
chart, sine-wave gratings and more recently a on the head. In addition, if the FOV is very large
test pattern made up of patches of square-wave then the eye must rotate to view the edge of the
gratings of different spatial frequencies (US Pat display. Since the eye rotates about a point
No. 4,607,923). These different approaches within the eye, the eye pupil moves within the
yield somewhat different results. NVG exit pupil. If the NVG exit pupil is not large

It should also be noted that the resolutions enough then it is possible for the entire display to
listed in the previous tables were all for ideal disappear every time the observer tries to move
lighting conditions. As the light level is his eyes to view the edge of the display. Exit-
significantly reduced the resolution of the NVGs pupil-forming optical systems also increase the
drops considerably (20/200 Snellen acuity or difficulty of making accurate adjustments for
lower). binocular or biocular NVGs in that each eye pupil

should be centered in each exit pupil of the NVGs.
Exit u~I24

Most NVGs do not have a real exit pupil since
they do not use relay optics. The exit pupil is the The eye relief is the distance from the exit
image of the stop of the optical system. An exit pupil to the nearest part of the NVG optical
pupil is formed as a result of using relay optics system. If the NVG is non-pupil-forming then the
to produce an intermediate image plane which is eye relief is the distance from the NVG optical
then viewed by an eyepiece lens. This is in system to the furthest back position of the eye
contrast to a simple magnifier optical system where the eye can still see the entire FOV of the
which uses a single lens system (no intermediate NVG.
image) and therefore does not produce a real exit As with so many other NVG parameters, larger
pupil. In a darkened room with the NVG activated eye relief usually means larger and heavier
the exit pupil can be observed by placing a piece optics. The reason for having a large eye relief
of white paper near the designed eye position. If is to allow the use of eyeglasses with the NVG
the NVG forms a real exit pupil then a circular (Self, 1973; Task et al, 1980).
spot of light will be observed imaged on the
paper. As the paper is moved closer to and Image Location (optical image distance)
further away from the optical system there is a
point at which the disc of light has a minimum All NVGs produce a virtual image which is
diameter with sharply defined edges. The viewed by the observer. The virtual image is
diameter of this disk of light is the diameter of produced at an optical distance that depends on
the exit pupil of the system (Self, 1973). the adjustment of the eyepiece (if the NVG has an

adjustable eyepiece). For NVGs that do not have
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an adjustable eyepiece the virtual image is Night vision goggles are essentially light
typically adjusted for near infinity. The amplifiers, they cannot work in complete
adjustable eyepiece was provided to allow the darkness. However, they do have a different
wearer to set his eyeglass prescription spectral sensitivity than the human eye which
(spherical power) on the eyepiece so he would makes the concept of luminance gain a little more
not require eyeglasses to see the NVG image difficult to define. For example, the eye cannot
clearly. see light at 900 nanometers but the NVGs are

very sensitive to light in this wavelength range.
Luminance Level Since luminance gain is the ratio of output

luminance to input luminance and since luminance
The luminance of the NVG image depends both is only defined for the spectral sensitivity of the

on the luminance of the image source and the eye, it is possible to obtain an infinite luminance
transmission efficiency of the optical system gain for a 900 nanometer input source (i.e. the
(note: it does NOT depend on the amount of luminance of any amount of light at 900
magnification since it produces a virtual image). nanometers is zero since the eye is not sensitive
For NVGs that use a combiner the NVG image to this wavelength but this will produce a non-
luminance level also depends on the combiner zero output luminance; dividing output by the
(beamsplitter) reflectance and transmittance input results in dividing by zero producing an
coefficients. infinite gain). To overcome this problem it is

necessary to define a specific spectral
Binocular Parameters distribution for the input light source which does

have a non-zero luminance. A blackbody radiator

There are several other parameters that at 2856K was selected since it is a standard
become important if the NVG is binocular. These lamp source and has a spectrum that closely
include inter-pupillary distance (IPD-the distance approximates night sky illumination. This is the
between the exit pupils of the two oculars), same standard source that was selected by the
image alignment between the two oculars, US Army for measurement of the image
luminance balance, magnification balance, and intensifier tubes that are contained within the
image rotation balance. NVGs.

There are several undesirable visual effects The luminance gain is usually measured for a
that may occur in binocular NVGs. These include specific input luminance since the gain can change
binocular disparity (retinal rivalry) due to with input level. The luminance output is
luminance imbalance, image misalignment, measured on axis at the highest input luminance.
accommodation differences, and/or differential
distortion. When binocular disparity is Luminance uniformity
sufficiently severe the observer may see double
images or may suppress one of the two disparate Due to the fiber optics and light fall-off with
images. A more insidious problem is when the angle typical of lens systems the central part of
binocular disparity is not large enough to cause a the field-of-view of the NVG image is usually of
loss of image fusion but is enough to result in higher luminance than the edge of the FOV. This
"eye strain" or visual fatigue. This can lead to is measured by scanning with a photometer
headache or nausea during extended use but may across the entire FOV to obtain a luminance
not show any effects for short term use. profile of the NVG image. Uniformity can be

There have been some efforts to define the specified by comparing the luminance at the
limits for these types of parameters (Self, 1973 center of the FOV with the luminance at a
and 1986; Landau, 1990). specified off-axis angle (e.g. 18 degrees off axis

for the 40 degree FOV NVG). The uniformity is
Luminance and luminance gain then expressed as a ratio of center luminance to

edge luminance (e.g. 3:1).
In most of the literature relating to NVGs these

parameters are usually referred to as brightness Distortion. image rotation. magnification. and

and brightness gain. However, since luminance is input/outout optical axes alignment
what one measures and brightness is the visual
sensation that one sees it is more appropriate to These four parameters are grouped together
use the terms luminance and luminance gain for because they can be measured using the same
these parameters. basic set-up and data. The different quantities



7-7

are obtained by performing different analyses on Signal-to-Noise Ratio
the data.

Distortion is probably the most difficult Typically the signal-to-noise ratio (SNR) is not
parameter because there are several types of specified or measured for the NVG as a whole but
distortion that the NVGs may incur. The optical rather is specified as a parameter of the image
system may cause barrel or pincushion distortion intensifier tube by itself. The SNR is a measure
and the fiber optics twister (which is in many but of how much scintillation appears in the NVG.
not all NVG designs) may produce shear effects The lower the SNR the noisier the image looks
or "S" distortion. Of all of these, the procedure and the poorer the image appears. The details of
herein described is primarily directed at the "S" measuring SNR are beyond the scope of this
distortion although evidence of shear and barrel paper; suffice to state that in general, observed
distortion may also be detected. "S" distortion resolution is poorer for lower SNR tubes
originates in the fiber optics plug which is used (Riegler, et. al.; 1991).
to invert the image on the image intensifier. The
fused fiber optics plug is heated and twisted BIBLIOGRAPHY
approximately 180 degrees. The "S" distortion
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enhanced by inaccurate alignment of mirrors in a 16, July 1989.
folded optical system.

Most NVGs are designed to have unity Landau, Francine, "The effect on visual
magnification. However, if there is a mismatch recognition performance of misregistration and
between the objective lens of the NVG and the overlap for a biocular helmet mounted display,"
eyepiece lens it is possible to have a small in Helmet-mounted disolavs I1, Proceedings of
amount of magnification (or minification). SPIE 1290, April 1990.

Since the combination of objective lenses,
folding optics, image intensifier and eyepiece Lewandowski, Ronald J., Ed., Helmet-Mounted
lenses is relatively complex, it is possible to 1 Proceedings of SPIE 1290, April
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and the output optical axis. Thus objects that are
at a particular field angle in reality may appear McLean, William E., "Modified faceplate for
at a different field angle through the NVGs. AN/PVS-5 night vision goggles," US Army

Many of these effects discussed are typically Aeromedical Research Laboratory (USAARL),
not a significant problem by themselves or for a Fort Rucker, Alabama, report No. 83-1, October
single ocular. But the combination of a small 1982.
amount of distortion, rotation, magnification
and/or misalignment in one ocular with a National Bureau of Standards, "Criteria for
different amount (and direction) of these effects evaluating image quality of night vision devices,"
in the other ocular may result in a significant Report No. PB-257 171, August, 1974.
binocular rivalry problem.

A complete description of the procedures for Riegler, J. T., Whiteley, J. D., Task, H. L. and
measuring these parameters is beyond the scope Schueren, J, "The effects of signal-to-noise
of this paper but can be found in Task et al ratio on visual acuity through night vision
(1989). goggles," March 1991, AL-TR-1991-0011

Self, H. C., "The construction and optics
problems of helmet-mounted displays," in A
symoosium on visually coupled systems:
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COCKPIT/NVG VISUAL INTEGRATION ISSUES

H. Lee Task, PhD
AL/CFHV

Armstrong Laboratory
Wright-Patterson AFB, Ohio 45433

SUMMARY

This paper is divided into two main sections: this is somewhat misleading since the visual
Visual significance of Night Visision Goggles (NVG) acuity over this range is quite varied. Only the
characteristics and CockpiUNVG integration central 3-5 degrees provides high-acuity vision;
issues. The first section deals with the the visual acuity drops off quite rapidly outside of
relationship between the NVG characteristics this area. This means that for a 40 degree FOV
discussed in the previous paper and visual NVG some of the resolution on the display is not
capability. The second section explores several being used by the visual system; but the "extra"
issues associated with successfully integrating the FOV is important for providing peripheral vision
NVG with the aircraft cockpit for optimum system information.
performance. The total FOV may be increased by partially

overlapping the two NVG oculars as noted in the
VISUAL SIGNIFICANCE OF NVG CHARACTERISTICS previous paper. At least one study suggests that

there is little performance difference between
Table 1 is a listing of the NVG parameters 100% overlap and 80% overlap for visual

discussed in the previous paper paired with the recognition performance (Landau, 1990) implying
visual parameter that it is most closely related to. that an 80% overlap binocular NVG may be a good
Each of these is discussed in the following compromise between the need for larger FOV
sections. without impacting visual performance. However,

in real NVG oculars there are other factors that
Table 1. NVG and Vision Parameters. may produce undesirable binocular effects in the

overlap region. If the oculars have a signficant
NVG PARAMETERS VISION PARAMETERS center to edge luminance non-uniformity then this

could result in a binocular luminance imbalance for
Field-of-view Visual field parts of the overlap image region. Barrel or
Image quality Visual acuity pincushion distortion may not be noticeable for
Exit pupil size Eye pupil diameter fully overlapped oculars but if they are only
Eye relief Eyeglasses partially overlapped then the distortion may result
Image location (focus) Accommodation in a mismatch between corresponding points in the
Luminance level Brightness two oculars (Self, 1986) producing binocular
Luminance gain Visual acuity rivalry.
Luminance uniformity Image perception
Beamsplitter ratio Image perception ImaeQuaity
Distortion Image perception
Magnification Binocular effects The visual parameter corresponding to image
Input/output align. Binocular effects quality (resolution & contrast) is visual acuity.
Image rotation Binocular effects Normal visual acuity for the human eye is
Fixed pattern noise Masking/distraction approximately one minute of arc for high contrast,
Signal-to-noise ratio Visual acuity brightly lit targets. However, this acuity is

reduced for lower light levels such as those found
in the NVG display (maximum of about 1 to 2 foot-

Field-of-View (FOVI Lamberts with typical operational luminances
much lower). If one were to match the display

The visual parameter that corresponds to the image quality to the human eye, a first order
NVG FOV is the human eye's visual field which is design might result in a pixel on the display
approximately 200 degrees horizontally and 120 subtending an angle of one minute of arc. For an
degrees vertically (Wells et al, 1989). However, image source consisting of 500 by 500 pixels, this
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would mean an angular subtense of the entire
display of 500 minutes of arc, or 500/60 - 8.3 I
degrees. While this NVG might result in good
image quality to the human eye, it would be an In order to obtain good image quality the eye
extremely small display. Most NVGs provide a lens must focus at the same optical distance as the
FOV that results in an angular resolution larger virtual image produced by the eyepiece. For young
than one minute of arc suggested by human visual eyes which have a fairly large accommodative
acuity. range there is a tendency to set the focus (for

NVGs that have eye-lens diopter adjustment) so
Eit Puil that the image is too near. The image may look

clear but long term wear of the NVGs with the
When the eye pupil is fully within the exit pupil image at a close distance may lead to visual

of the NVG then the entire FOV is observed; if the fatigue. For night operations it makes sense to
eye pupil is only partially in the exit pupil (and the have the NVG image focussed at the same distance
exit pupil is unvignetted) then the observer will as the aircraft panel instruments to minimize the
still see the entire FOV but it will be reduced in time required to visually switch between looking
brightness. This can be particularly disconcerting at the NVG and looking at flight instruments.
for NVGs used in high performance aircraft
because the pilot may not know whether he is Luminanceoeve
starting to lose the exit pupil or if he is starting to
lose consciousness from high acceleration Brightness is the visual sensation or perception
maneuvers. Once the eye pupil is outside the exit that corresponds to luminance. The luminance
pupil then none of the NVG FOV can be seen. It level has a significant effect on the pupil diameter
should also be noted that the NVG FOV may become of the eye; a higher light level means a smaller
vignetted (lose part of the image) if the eye pupil pupil diameter and vice versa. The visual acuity
is too close to or too far away from the exit pupil. of the human eye also varies with eye pupil

From a visual capability standpoint it is diameter (Farrell & Booth, 1984). However, for
important for the exit pupil to be as large as NVG applications the luminance must be kept
possible to ensure the eye pupil will remain within reasonably low to match cockpit lighting levels for
it to permit viewing of the NVG. However, large night operations. Thus the resolution observed on
exit pupils typically come only at the expense of the NVG may well be a result of a combination of
greater size of optics and weight on the head. In the inherent resolution of the NVG and the limits of
addition, if the FOV is very large then the eye visual acuity of the eye at low light levels.
must rotate to view the edge of the display. Since
the eye rotates about a point within the eye, the Luianegain
eye pupil moves within the NVG exit pupil. If the
NVG exit pupil is not large enough then it is There isn't a direct visual analog to luminance
possible for the entire display to disappear every gain. However, the higher the gain of an NVG for a
time the observer tries to move his eyes to view given ambient lighting level then the higher the
the edge of the display. Exit-pupil-forming optical output luminance, which should result in higher
systems also increase the difficulty of making visual acuity. A study by Levine and Rash (1989)
accurate adjustments for binocular or biocular stated that an 80% reduction in output luminance
NVGs in that each eye pupil should be centered in (equivalent to an 80% reduction in gain) by using a
each exit pupil of the NVG. filter did not result in a statistically significant

reduction in visual acuity. However, for starlight
EXL Relie conditions their data showed a 37 percent

reduction in visual acuity (not statistically
As with so many other NVG parameters, larger significant) which is a rather substantial loss.

eye relief usually means larger and heavier optics.
The reason for having a large eye relief is to allow Luminance uniformity
the use of eyeglasses with the NVG (Self, 1973;
Task et al, 1980). The eyeglasses may be for Luminance uniformity is probably not a critical
visual correction, eye protection or both. factor for visual performance or acceptance

providing the luminance variation is gradual and
not excessive. A ratio of 3:1 center to edge
luminance variation in NVGs is not unusual.
However, if the two NVG oculars are used in a
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partial overlap mode to increase the horizontal contrast (95%) high luminance (25% moon) the
FOV then the luminance uniformity might be of improvement was only about 10%.
more concern since this would produce a binocular
luminance mismatch between the two eyes. Beamsolitter (combinerl ratio

Distortion. image rotation, magnification, and The NVG beamsplitter (if one is used) is not
inout/ output optical axes alignment designed to superimpose the NVG image on the real

world scene but rather is intended to permit direct
These four geometric mapping parameters are viewing of the aircraft HUD undegraded by the

grouped together since, with the exception image intensifier system. This is accomplished by
perhaps of distortion, they are all primarily a turning the NVGs off when viewing the HUD and
problem only for binocular systems. If a turning them back on when viewing through the
monocular image is slightly rotated, or slightly windscreen (the on/off switching is done
different from unity magnification or slightly automatically). But, as its name implies, the
shifted in position (optical axes alignment) it beamsplitter splits the light so that there is a
really doesn't affect the visual system. However, reduction in luminance coming from the HUD (due
if the image in one eye is rotated relative to the to the transmission coefficient of the
image in the other eye at some point the amount of beamsplitter) and a reduction in luminance coming
rotation is sufficient to cause the visual system to from the image intensifier (due to the reflection
be unable to fuse the two images. This could result coefficient of the beamsplitter). In general the
in double images or in suppression of one of the reflection and transmission coefficients must add
images. Similar effects occur if there is a up to a number less than one (assuming the
mismatch between the two eyes due to distortion, beamsplitter coating Is neutral with respect to
magnification, or image position differences wavelength). This results in a direct trade-off:
between the two oculars. higher transmission means the HUD will be easier

There may also be a less obvious effect due to to see but also means lower reflection coefficient
geometric image mismatch. If the differences are which results in a lower NVG scene luminance. For
not sufficient to cause image suppression or double best results the bearnsplitter probably cannot
imaging they still may be sufficient to cause eye vary too much from a 50-50 split (same
fatigue, nausea, and or headaches when these transmission and reflection coefficient).
slightly disparate images are viewed for a long
period of time. Fixed oattern noise

In addition, the distortion effects may produce
undesirable illusions or image motion for dynamic This parameter primarily refers to the visible
viewing situations (such as landing). structure of the fiber optics twister or faceplate

These four parameters need to be specified (if fiber optics are used In the image intensifier
based on their effects on binocular vision and not tube). The fiber optics production method results
on their individual monocular effects. in a hexagonal pattern (also called "chicken wire"

for this reason) that may become visible under
Signal-to-noise ratio (SNR) higher lighting conditions. This acts as a

distraction or masking pattern when trying to
SNR primarily affects visual acuity. Riegler et. observe the NVG image. At present there is not a

al. (1991) published a study showing the effect of good means of quantifying this parameter and little
SNR level on visual acuity for different luminance data on the significance of this parameter with
levels and contrasts using NVGs. Four PVS-7 respect to visual performance. Typical
image intensifier tubes were used that ranged in specifications state that the "chicken wire" shall
value from a SNR of 11.37 to 17.92. As might be not be objectionable.
expected the largest visual acuity differences
were due to changes in contrast of the targets and COCKPIT/NVG INTEGRATION ISSUES
light level. However, there was a significant
effect due to the SNR of the tubes. The increase in Since NVGs do not attach to any part of the
visual acuity going from a SNR of 11.37 to 17.92 aircraft it is usually assumed (incorrectly) that
depended on the contrast and lighting conditions. there really are no integration issues. In fact
For the low contrast (20%), low luminance (1% there are several potential integration problems a
moon) the improvement in visual acuity was about few of which are described herein.

27% for the higher SNR tube. But for the high
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.CockDiUghft through the NVG image intensifier system (for
non-beamsplitter NVGs) in which case one would

One of the earliest and most obvious NVG cockpit like the NVGs to be able to *see* the light from the
integration problems was the incompatibility of HUD. For other applications where the NVG has a
the NVGe with standard cockpit lighting. Most combiner for viewing the HUD directly it is
cockpit lighting is produced by incandescent bulbs desirable to have the NVG be totally insensitive to
filtered to produce red, white or blue-white the HUD image to prevent double imaging (direct
lighting (depending on aircraft) for unaided night view and NVG view). A further concern with some
flying. The filtered incandescent lights, however, recent NVG designs Is that the objective lens of
emit tremendous amounts of near infra-red energy the NVG may not be located in a F ,sition where it
to which the NVGs are very sensitive (700nm to can see the HUD.
900nm). This produces considerable light pollution If the NVGs are to be used to view the HUD
in the cockpit for the NVGs. The result is much symbology then the symbol sizes need to be
like sitting in a well-lit room trying to look outside sufficiently large so that the resolution of the
at night; the reflected light from the window is far NVGs can still permit the pilot to easily read the
greater than the meager light from outside coming symbols. This means the HUD symbol sizes should
through the window so one only sees the room be absolutely no smaller that 20/60 (15 minutes
reflections in the window instead of outside. of arc) and preferably larger.

Several techniques have been developed to Another issue of NVG and HUD compatibility is
reduce or eliminate this problem (Holly, 1980; the transmission coefficient of the HUD combiner.
Task & Griffin, 1982; Mil Specification Mil-L- The HUD image is produced by reflection from a
85762). These techniques include using filters to combiner located directly in front of the pilot.
remove the near intra-red, using baffles to This combiner therefore reduces the amount of
redirect the light away from the windscreen, and light that is available for NVG viewing when
using alternate lighting sources such as electro- looking through the combiner (even with the HUD
luminescent lighting (which has a very low infra- off) due to the transmission coefficient of the
red component). It should be noted that just combiner. The transmission coefficient may be
filtering the incandescent light and making it blue- 50% or less which means the scene viewed
green does NOT mean that the filter has removed through the combiner will appear significantly
the offending infra-red light. Many plastic filters darker that looking around the combiner. If the
that make the Incandescent lighting appear blue- HUD is *on' it is even more difficult to view
green are almost totally transparent in the 700- through the HUD due to the radiance of the HUD
900 nm range so one must be careful in selecting symbology.
filters for this purpose.

The phrase 'NVG compatible' when referring to Aircraft windscreen
aircraft interior and exterior lighting has taken on
at least two meanings. There is no question that There are several separate integration issues
the Mil-L-85762 lighting specification intent is to associated with the aircraft windscreen. The
insure that the cockpit is illuminated with light most obvious is the spectral transmission of the
that is visible to the unaided eye but is as invisible windscreen. Most windscreens are designed with
as possible to the NVGs. In the case of exterior the visible wavelengths (400-700nm) in mind.
lighting it is desirable to have lighting that is Some windscreens do absorb light in the very near
visible through the NVGs and to the unaided eye but infra-red where the NVGs are most sensitive
insure that it does not 'overpower" the NVGs. (700-90Onm). This can significantly reduce the

Yet a third meaning of 'NVG compatible" is for effective gain of the NVGs. Transmission
the light source to be visible ONLY to the NVGs and coefficients for windscreens measured at their
not to the unaided eye such as in aircraft landing installed angle can range from 70% down to 20%
lights for covert operations. Given these different or less depending on the aircraft and viewing angle
interpretations of the phrase "NVG compatible* it through the windscreen. As the viewing angle is
is recommended that one be explicit in defining steeper (toward the lower, forward part of the
exactly what level of NVG visibility is desired. windscreen) the percent transmission is lower.

This is unfortunate since for many applications
Aircraft head-up display this is the part of the windscreen that is most

critical for air-ground target acquisition and
Here again is another area in which 'NVG landing.

compatible' is ill-defined. For some applications it Another area of integration concern has to do
may be desirable to be able to see the HUD image with the aperture of the NVG objective lens. When
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a pilot views through a windscreen with unaided Holly, F. F., "A night vision goggle compatible
vision his eye pupil is on the order of 2 to 4 mm in lighting system for Army aircraft," USAARL LR-
diameter (daylight through early evening lighting). 80-4-2-2, Fort Rucker, Alabama, 1980
Thick, curved, plastic windscreens don't affect
the pilot's visual acuity because his eye pupil is Levine, Richard R. and Rash, Clarence E., 'Visual
relatively small (ray bundle sizes are limited by acuity with AN/PVS-5A night vision goggles and
the pupil). However, if a larger size aperture is simulated flashblindness protective lenses under
used for imaging (such as an NVG objective lens) varying levels of brightness and contrast," US
then the size of the windscreen over which the Army Aerospace Medical Research Laboratory
wavefront aberrations are averaged is larger and (USAARL), Fort Rucker, Alabama, report No. 89-
the potential for reduced clarity is greater. This 16, July 1989.
is typically not a problem for flat glass or thin
glass windscreens but for the more recent bird- Landau, Francine, "The effect on visual recognition
strike resistant windscreens made of curved performance of misregistration and overlap for a
plastic it is a very real concern. The effect of the biocular helmet mounted display," in Helmet-
interaction on the larger NVG aperture with the mounted disolavs II Proceedings of SPIE 1290,
windscreen is lower effective system resolution. April 1990.

A third area of concern has to do with simple
geometry. The NVGs protrude from the face by a Lewandowski, Ronald J., Ed., Helmet-Mounted
considerable distance (as much as 8 inches). For Displa 1 Proceedings of SPIE 1290, April
small cockpits this can become a problem as pilots 1990.
try to look out to the side where there is not much
clearance with the windscreen. The NVGs can hit McLean, William E., "Modified faceplate for
the windscreen causing scratches and not making AN/PVS-5 night vision goggles," US Army
the pilot very happy either. Aeromedical Research Laboratory (USAARL), Fort

Some NVG designs position the objective lens Rucker, Alabama, report No. 83-1, October 1982.
higher or further off to the side than the natural
eye position. Windscreens are designed around a National Bureau of Standards, "Criteria for
"design eye" and all optical quality measurements evaluating image quality of night vision devices,"
are made from this nominal viewing box. Since Report No. PB-257 171, August, 1974.
the NVG objective lens may be located at a
significantly different position there may be a Riegler, J. T., Whiteley, J. D., Task, H. L. and
considerable decrease in optical quality due to the Schueren, J, "The effects of signal-to-noise ratio
windscreen. In particular, if the objective lens is on visual acuity through night vision goggles,"
higher and therefore closer to the slanted March 1991, AL-TR-1991-0011
windscreen, it will be looking through the
windscreen at a steeper angle which tends to Self, H. C., "The construction and optics problems
reduce transmission and to enhance distortion of helmet-mounted displays," in A symposiumo
effects. visually coupled systemse development and
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NIGHT VISION GOGGLE ILLUSIONS AND VISUAL TRAINING

William E. Berkley, Colonel, USAF, MK, CFS
Aircrew Training Research Division

Armstrong Laboratory
Williams AFB, Arizona 85240-6457

INTRODUCTION Compensation for the narrow field of view
(FOV) of NVGs is achieved by employing a constant,

Night vision goggles (NVGs) possess certain aggressive scan to enlarge the total field of
specific visual cha-acteristics related to their regard of the aviator. An effective scanning
limited resolution, field of view and automatic technique is essential for maintenance of good
gain control. In addition, the near infrared situational awareness, spatial orientation and
energy to which NVGs are most sensitive has altitude awareness. For example, a dramatic loss
somewhat different properties as compared to of altitude awareness may occur if the scan is
visible light. These factors combine to produce interrupted (e.g. if the neck is splinted during a
certain effects, limitations and illusions not high G maneuver). Experience has also shown that
ordinarily encountered with unaided vision. NVG improving scan technique Is one of the most
visual training for aircrew members is conducted effective methods for overcoming a misperception
with 1) didact c presentations, 2) terrain board or illusion that has already occurred.
simulation, 3) video tape presentations of
intensified imagery, 4) flight simulators Because the restricted FOV of the goggles
utilizing computer generated imagery and 5) actual provides only limited peripheral information, one
flight with NVGs. Computer based training and an would assume that this mechanism for altitude
Interactive videodisc are under development, and/or distanCe perception is an ambient visual

function derived from central visual inputs. An
EFFECTS AND ILLUSIONS enhancement of motion parallax cues would be

expected to occur as the pilot's scan moves
NVG effects include limitations in laterally, producing an increased perception of

estimating or judging 1) altitude, 2) distance, 3) angular motion.
object clearance, 4) aircraft closure rates, and
5) terrain or object obscuration and 6) undetected Some motion parallax cuing from cultural
meteorological conditions. Illusions can be lights or well illuminated terrain undoubtedly
classified as 1) undetected or illusory motion, 2) occurs in the operator's unaided FOV as well.
misperceptions of aircraft attitude and 3) This effect is obviously highly variable and its
undetected or illusory terrain contour or slope. overall contribution to spatial orientation and

distance estimation has not been adequately
ALTITUDE, DISTANCE AND DEPTH PERCEPTION WITH NVGs studied.

Judgements of distance and depth are made Problems of distance and depth perception
with visual cues ordinarily categorized as either are compounded by anything which negatively
binocular or monocular. Binocular cues Include 1) Impacts resolution or contrast of the scene.
stereopsis, 2) vergence and 3) accommodation. Common examples are 1) water, 2) snow covered or
Although some stereopsis is thought to be present, low contrast terrain, 3) low ambient illumination,
there is almost certainly no vergence or 4) unfavorable moon position 5) dense cultural
accommodation effect when viewing a fixed NVG lighting (including fires, explosions or other
image collimated at infinity. Stereopsis can be ordnance effects) and 6) incompatible cockpit
significantly affected by a decrement in lighting.
resolution, and the total binocular contribution
to depth perception with NVGs is probably minimal. Water is virtually invisible to NVGs unless

there is some surface texture present (e.g. boat
The majority of depth perception with NVGs wakes, whitecaps, spray, etc.). A frequent cause

is presumably derived from monocular cues such as of spatial disorientation with NVGs has been the
1) relative size, 2) motion parallax (relative reflection of stars by water. There have also
motion), 3) size and shape constancy, 4) been situations where pilots have seen through
interposition, 5) texture gradient and 6) linear still water to the bottom of a shallow lake
perspective. Size constancy, particularly of without detecting the presence of the water
familiar cultural objects, is an especially itself. With rare exception, flight over water
powerful cue. Like stereopsis, most monocular must be conducted as if the aircraft were in
cues are degraded by the limited visual acuity instrument meteorological conditions!
afforded by NVGS. The result is a significant
decrease in distance and depth perception compared It is well known to aviators that, even in
to normal day vision, particularly at lower light daylight, terrain which is uniformly covered with
levels where goggle resolution is reduced, snow usually provides insufficient cues for

effective altitude or distance estimation. With
It is generally believed that t0ere is NVGs of course, the problem is aggravated by the

virtually no depth perception with NVGs at limited resolution of intensified imagery. Quite
distances of six to eight meters or less, even the opposite effect can occur if there are
under conditions of good ambient illumination, sufficient rocks, trees or other features
This effect may be due at least In part to the protruding through the snow cover. Contrast can
fact that in most situations the goggles have been be dramatically increased in this situation,
focused at infinity, further impairing close greatly enhancing perception of altitude and
vision. This deficient depth perception at distance. However, unless clearly discernible
relatively short distances has resulted In a objects providing adequate size constancy cues are
number of incidents involving formation flight, present, a mission flown over snow covered
air refueling, and hover or landing - especially landscape will need to be conducted as an
in tight landing zones, instrument flight.
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Other low contrast terrain, such as desert continuous, reliable cuing.
with limited foliage, may also provide inadequate
cues for effective distance estimation. This is Moon position or cultural lighting can have
particularly true in the Arabian Desert where a very negative effect on scene resolution and, of
there are large areas almost totally devoid of any course, altitude or distance perception. This
significant features or contrast. Even worse, the effect is a function of the NVG auto-brilliance
horizon and the terrain itself are often obscured control which is a feature designed to maintain
by fine sand and particulate matter suspended in constant image luminance. Any bright light source
the lower atmosphere. Visibility can be marginal will result in a reduction of goggle gain
in the daytime and almost nonexistent during sufficient to keep the total image brightness
darkness. Again the limited resolution of NVGs, within certain preset limits. Moon position is
especially at lower light levels, exaggerates this especially critical when larger areas of its
problem. surface are illuminated. If one is flying (or

looking) toward the moon or an area of dense
Flight from a well illuminated area into a cultural lighting, the light source(s) will be

shadow can pose a specific hazard if the aviator very prominent but the resolution of any unlit
fails to recognize that a marked change in the objects or terrain will be adversely affected and
light level has occurred. If the pilot makes a they may even be partially or totally obscured.
subconscious attempt to maintain ground references Altitude and distance estimation can be profoundly
comparable to those outside the shadow, an impaired, or nonexistent. An identical effect can
insidious descent into the terrain can occur. occur when flying toward highly reflective terrain

under conditions of high ambient illumination.
Although lower levels of illumination are Less reflective or shadowed features may not be

much more frequently involved, very high light visible at all.
levels can also cause a degradation of resolution.
Because third generation intensifier tubes are Moon position also has another important
designed to maximize performance in low light, effect on scene definition which is related to
there is a tendency for the image to "wash out," terrain shadowing. When the moon is positioned
or lose contrast at high light levels. The result overhead, there will be few if any shadows, and
is a very bright image with reduced contrast terrain features may be much less apparent. This
compared to the imagery obtained at lower light effect is especially noticeable with low contrast
levels (or compared to second generation devices terrain when the moon is full, or nearly full.
at high illumination). Given the right combination of conditions, all

perception of contour may be lost, producing an
In addition to this loss of contrast, some illusion of perfectly flat terrain, when in fact

tubes possess fixed pattern noise, or "honey comb" there may be quite a bit of vertical development.
(also most apparent at high light levels). In a
situation with well illuminated, highly There is a tendency for bright, red or
reflective, but low contrast scenery, there may be infrared light sources to be particularly
so little contrast in the image of the terrain confounding in distance estimation. Because of
that it can't successfully compete with the "honey the sensitivity of NVGs, the relative brightness
comb." In this instance the terrain actually of a light source in an intensified image tends to
becomes invisible until objects or features with give the impression that the light is much closer
greater contrast are encountered. than it really is. This effect is a particular

problem in judging distance or closure rates of
Anything which heightens contrast will tend other aircraft because the lights are visible at

to improve distance and depth perception. Foliage much greater distances than the actual aircraft,
is particularly effective because chlorophyll is particularly in low light conditions. The
highly reflective to near infrared energy, distance estimation error in this situation may be
especially in comparison to earth or rocks. Even on the order of tens of kilometers. Flight in
conifers and deciduous trees are readily shadows tends to enhance these light source
distinguishable as a consequence of the effects, because of the increase in goggle gain
differences in the chlorophyll content of their which occurs in response to the reduction in total
foliage. However, size differences between bushes scene illumination. Experienced aircrew members
and trees are generally not so apparent. There is learn to look around the goggles to view light
a relative deficiency of obvious identifying sources with their unaided vision in order to
characteristics for vegetation of different sizes, better determine the correct distance to the
and this can create a very misleading size source.
constancy illusion if the aircrew is unfamiliar
with the area. The tendency is to fly at an MISPERCEPTIONS OF AIRCRAFT ATTITUDE AND TERRAIN
altitude that makes the vegetation look about the CONTOUR
same size as it ordinarily does. Particularly
hazardous is flight over terrain covered with Much less common than altitude and clearance
small shrubs or bushes by someone accustomed to problems are misperceptions of aircraft attitude
trees, because the inclination is to fly low (both pitch and angle-of-bank) and terrain slope,
enough to make the bushes appear as large as where there may be an illusion of slope which does
trees. Likewise, aviators accustomed to operating not exist or, more commonly, actual slope may be
over shrub covered terrain will have a bias to fly unperceived. Virtually all of these illusions have
higher than usual when flying over trees so that occurred in the hover and landing phases of rotary
they appear "normal" in size. wing operations. It is likely that some of these

incidents were caused by some type of image
Cultural features are much more reliable in distortion, but it is not possible to make a

this regard, because our familiarity with the definite determination, because the optical
precise size of most man-made objects makes them qualities of the NVGs involved were not tested.
especially effective size constancy cues. For Certainly, unperceived slope can be the result of
instance, low altitude high speed flight can be anything which affects resolution of the terrain,
conducted with relative ease and comfort if the including degraded goggle performance, low
route parallels a power line, railroad, or unused illumination, poor reflectivity or contrast and/or
highway (minimum of vehicle lights) which provides whiteout/brownout.
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MOTION ILLUSIONS their surface to create an image In the goggles.
Of more significance is the fact that If thin

The most frequently reported disturbance of clouds are obscuring slightly thicker clouds,
motion orientation is unawareness of actual which are themselves obscuring somewhat more dense
aircraft drift. The next most common illusion is clouds, there may not be enough contrast between
that of drift when the aircraft is really the succeeding clouds to permit visualization of
stationary. It Is interesting that in both any of them. It Is literally possible to enter
unrecognized and illusory drift, the most common Instrument meteorological conditions without ever
direction of motion reported is aft. The most detecting Its presence. If the xerrain is
frequent scenario described involves hover over obscured by unseen clouds, col l i-n with the
tall waving grass. Other misperceptions have been ground can and has occurred.
noted, including misjudgments of airspeed and
direction of movement. Although uncommon, these OCCURRENCE OF ILLUSIONS
have been known to occur even during the en route
phase of flight. NVG misperceptions and illusions have been

reported In all types of military aircraft in all
TERRAIN/OBJECT OBSCURATION phases of flight, but most often in helicopters

during hover (the preponderance of NVG use is in
Many instances of obscuration involve rotary wing aircraft). The other most common

situations in which there are significant phases of flight are cruise and approach or
differences in the illumination or reflectivity of landing. Surprisingly, comparatively few
different parts of the scene. The portions less incidents occur during formation, slingload or
well lit or less reflective will be relatively nap-of-the-earth flight. Misperceptions and
poorly visualized. Even in a situation with illusions have occurred over a wide variety of
uniform lighting, smaller objects and anything terrain, with the majority during good weather,
which has very low contrast or reflectivity may but at lower levels of illumination. The
not even be visible, especially if the overall incidence during good weather is, of course, a
level of illumination is not good. consequence of the fact that NVGs are not all

weather devices, and goggle flight is ordinarily
Shadowing, and particularly foreshadowing, conducted during reasonably favorable

is a very common and potentially dangerous cause meteorological conditions. The frequency of
of obscuration. This is because nighttime shadows problems at lower levels of illumination is
contain very little light (illumination equivalent certainly due primarily to the fact that goggle
to mean starlight or less) in comparison to performance is significantly degraded in low light
shadows experienced during daylight. Second (resolution at mean starlight is about 50% of that
generation NVGs are especially limited in their obtained at quarter moon).
performance in shadows. A number of mishaps have
occurred (primarily with Gen II devices) as a CONTRIBUTING FACTORS
consequence of flight or descent into an area of
shadowing with the subsequent loss of visual Factors most often associated with
references. misperceptions and illusions are 1) inexperience,

2) lack of currency, 3) task loading/division of
Foreshadowing, the obscuration of near attention, 4) fatigue and circadian rhythm, 5)

terrain by a more distant ridge or mountain when mission imposed stress, 6) light effects and 7)
flying toward a low lying sun, has long been NVG malfunctions.
recognized as a significant hazard during daytime
(primarily at dawn or dusk). This same effect is As noted by Crowley (1991), "the most common
even more likely, and much more treacherous, contributing human factor was inexperience."
during NVG flight toward the moon when it is Although the vast majority of incidents (83%) were
positioned at a relatively low angle above the reported by pilots and instructor pilots as
horizon, or flight toward bright skyglow during compared to copilots & students (9.5% combined),
twilight, many related that the episodes had occurred early

in their flying careers, the frequency decreasing
As described earlier in this paper, poorly with increased experience. However, even some

reflective terrain can be obscured by adjacent highly experienced aviators report that they are
terrain which is relatively highly reflective and more susceptible to misperceptions if they do not
well illuminated. This can occur even when the fly frequently enough.
direction of flight is away from the moon. This
effect is the product of a reduction in NVG gain High task loading generally has a negative
in response to the total luminance of the scene, effect on overall performance, and any activity
in combination with the resulting loss of requiring attention inside the cockpit can
resolution of the less reflective/illuminated predispose one to a misperception. Crew
portions. Flight toward highly populated areas, coordination and "cockpit resource management" are
flares, fires or explosions is quite similar in very important, especially during low 11ght
that the effect on goggle gain can result in the conditions and/or difficult missions.
partial or total obscuration of unlit objects or
terrain. Fatigue and circadian rhythm effects can be

extremely detrimental because of their potentially
UNDETECTED METEOROLOGICAL CONDITIONS significant effect on human performance. Although

the effects of fatigue per se, are usually
Since NVGs are primarily sensitive to near apparent to an individual, the more subtle effects

infrared energy, and the near infrared is poorly of circadian rhythm are often not fully
reflected by moisture, a particular hazard exists appreciated. First of all, it must be realized
when flying in weather conducive to the formation that human performance at night is never equal to
of thin clouds or fog. Dense clouds or fog are that achievable during daytime, even if the
readily apparent with aided vision, especially individual is fully adapted to a night schedule.
clouds silhouetted against a clear sky. However, Performance will be reduced on the order of about
thin clouds or fog may actually be invisible with 10%, even in adequately rested, well motivated and
NVGs, because not enough energy is reflected from proficient personnel. In those who are less well
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motivated and/or lacking in proficiency, the consistently tend to overestimate their acuity
reduction can be considerably greater. Aviators when using goggles. Thus, the effects of
adapted to a daytime schedule who are flying late incompatible lighting and human
at night, or those who are significantly fatigued, psychophysiological limitations often combine to
are likely to suffer a serious impairment of produce a phenomenon that can have a serious
performance and be considerably more susceptible impact on flight safety and operational
to a misperception or illusion. capability.

Perhaps the worst scenario is one in which a In addition to the direct affect on goggle
person's circadian rhythm has been disrupted gain, incompatible lighting produces reflections
altogether (circadian desynchronosis). This (of incompatible light) on cockpit canopies and
occurs with extensive transmeridian travel or an windows. These reflections not only affect goggle
abrupt change in the work/sleep cycle performance, they can also obscure the portions of
(particularly if the cycle has been subjected to the scene over which they are superimposed.
multiple recent changes). These individuals are Overall, incompatible cockpit lighting is
almost always sleep deprived because circadian potentially the single most serious factor in NVG
desynchronosls also tends to impair sleep. The operational capability and flight safety!
combined effects of circadian desynchronosis and
fatigue on performance can be quite profound. WINDSCREEN TRANSMISSIVITY
Even worse, the extent of impairment may not be
apparent to the affected person. The transmission of infrared energy by

windscreens and cockpit windows can also be a
Another potential factor is the adverse significant problem. Designed to transmit visible

effect of mission imposed stress on circadian light, many cockpit transparencies do not perform
performance rhythms. Basically, stress has the as well in the near infrared spectrum, and the
ability to further exaggerate negative circadian transmissivity of some is very poor (± 20%).
effects on human performance. Since NVGs (particularly third generation devices)

are primarily sensitive to the near infrared, this
LIGHTING EFFECTS can result in a serious reduction in goggle

performance. Like the decreased visual
Light sources can produce misperceptions or performance resulting from incompatible cockpit

illusions, either directly or indirectly. In lighting, the effect of decreased windscreen
addition to the distance and closure illusions transmissivity may not be apparent to a pilot.
described earlier, a common problem encountered
with cultural lights is the obscuration of MOUNTING AND ADJUSTMENT ERRORS
aircraft exterior lights (and thus the aircraft)
which occurs when the aircraft's position is such In addition to the many other extrinsic
that its lights are superimposed over the lights factors which influence NVG performance, mounting
of a populated area behind it. This blending of and adjustment errors are both common and capable
aircraft and ground lights in combination with a of producing significant losses in visual
reduction in NVG gain (produced by the cultural performance. Optimal vision with NVGs cannot be
lighting) can effectively make an aircraft obtained unless the optical axes of the tubes are
invisible. A number of midair collisions and near precisely aligned with the optical axes of the
collisions have occurred in precisely this manner, eyes. Unfortunately, it is common to find

situations in which the helmet mount and/or the
Not only distance estimation errors, but aviator's adjustment procedures have resulted in

misidentification of light sources such as an incorrect positioning of the goggles with a
vehicles, boats and lighted towers can readily significant loss in visual acuity and depth
occur. As described earlier, this is a result of perception.
the sensitivity of NVGs to most light sources and
the effects of intensified imagery. Pilots have Misadjustment of either the objective focus
frequently mistaken towers, vehicles, ships, and or diopter adjustment can also produce seriously
especially stars, for other aircraft, deficient vision. It is imperative that proper

mounting and adjustment procedures be followed in
Incompatible cockpit lighting can have a order to prevent a potentially serious degradation

particularly serious effect on NVG performance. of visual performance!
The primary problem is an adverse effect on goggle
gain produced by light from cockpit displays, GOGGLE DEFICIENCIES AND MALFUNCTIONS
which may be quite severe, but imperceptible to
the pilot. Intrinsic factors affecting NVG performance

which must be considered are 1) optical distortion
A decrease in NVG gain is essentially a and 2) binocular disparities in image brightness,

reduction in goggle (and visual) performance. The res lution or tube alignment. Optical distortion
result is a degraded ability to see outside the has resulted in a number of illusions which are
cockpit, which makes the pilot more susceptible to dependent upon the type and severity of the
virtually all of the misperceptions and illusions distorted image. Examples include bending of
characteristic of NVG operations. The most straight lines, faulty height or clearance
hazardous aspect of this situation is the judgement, distortion of ground slope and
likelihood that it will go unnoticed. This is a illusions of landing in a hole or depression.
consequence of the fact that it is not
physiologically possible for a person to Any defect in goggle function which produces
quantitate visual acuity except under controlled a significant discrepancy between the two images
conditions (using a known sized object at a set may cause binocular rivalry and prevent the visual
distance). If the decrease in performance is system from achieving image fusion. Differences
extreme it may be apparent, but in the vast in image brightness, resolution or binocular
majority of cases it is never recognized, even by alignment, and significant unilateral distortion
highly experienced aviators. In part, this is are the most common causes of this effect. The
because vision at night with NVGs is so much end result is a loss of visual acuity and/or depth
better than unaided night vision that aviators perception.
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TRAINING METHODS The concept is to periodically change the
orientation of the chart, and thus the position

US Air Force NVG training currently consists and orientation of the individual grids, so the
of 1) didactic presentations, 2) hands-on goggle aviators do not become accustomed to a particular
familiarization, 3) terrain board demonstrations pattern. This is important because there is some
of effects and illusions, 4) video tapes of actual risk that an individual who is very familiar with
intensified imagery, 5) NVG compatible flight the chart might be subconsciously misled to
simulators employing computer generated imagery overestimate his visual acuity. Acuity is
and 6) actual NVG flights. Computer based determined by counting the number of grids that
training and an interactive videodisc are can be seen well enough to determine the
currently under development, orientation of the lines. For example, seeing

eight of the nine grids is indicative of Snellen
The didactic lesson plan includes acuity of 20/40, seven grids is equivalent to

presentations of 1) visual physiology, 2) fatigue 20/45 vision, etc.
and circadian rhythm, 3) human factors mishap
causes, 4) the night environment and image For NVG adjustment the chart can be
intensification, 5) NVG operation, adjustment and illuminated with a variety of light sources at any
preflight assessment, 6) cockpit procedures and illumination level between quarter moon and full
lighting, 7) specific flight techniques and moon equivalent. Although goggle adjustment is
lessons learned, 8) intelligence and rules of somewhat easier at higher light levels, the
engagement and 9) hazards and emergency ability to vary the illumination to quarter moon
procedures. or mean starlight is desirable because it allows

assessment of NVG performance at lower light
The hands-on instruction focuses on 1) NVG levels. Performance at low light is not only

fitting and life support training, 2) NVG critical for flight in those conditions, it is
operation, adjustment and assessment, 3) cockpit often the first indication of a failing tube. It
and NVG lighting familiarization, 4) normal is important to remember that preflight adjustment
cockpit procedures and 5) emergency procedures. and assessment of NVGs before each flight is

essential!
The most important single phase of training

is the NVG fitting, adjustment and preflight A terrain board is used to demonstrate the
assessment. The importance of precise and correct effect of differences in moon phase, elevation and
positioning and focusing of NVGs, and the azimuth; various lighting effects; and to
physiological inability of the visual system to illustrate the differences between normal and low
quantitate acuity without an appropriate contrast terrain and water. The terrain board has
resolution target has already been emphasized. proven particularly effective, because many
Data collected by the Armstrong Laboratory's effects can be demonstrated very dramatically by
Aircrew Training Research Division consistently simply changing the position or intensity of
demonstrate that only about 30% of experienced illumination while the student watches with NVGs.
aviators will adjust their NVGs well ciough to Experience has shown that this modality is even
achieve nominal acuity (20/40) without using an more convincing than a similar presentation
effective resolution chý.t in a controlled utilizing actual intensified imagery on video.
environment. In fact, vision of , 20/80 or
worse is common. However, video tapes are still quite useful,

since there are no other comparable methods for
The resolution chart, developed by the capturing and illustrating many of the effects and

Armstrong Laboratory's Human Engineering Division, illusions of intensified imagery. An interactive
is composed of nine square wave gratings which are videodisc is currently under development. The
equivalent to Snellen acuity ranging from 20/35 to principal advantages of the disc will be 1)
20/100 (figure 1). The gratings are randomly storage capacity capable of accommodating all of
arranged in either a vertical or horizontal the necessary video material on one disc and 2)
orientation, and the chart itself can be rotated the capability of accessing a selected segment of
to any of four positions. video much more rapidly than is possible with a

linear tape.

Static cockpits, cockpit procedures trainers
and/or simulators are employed for cockpit-related
training. The use of these devices for NVG
training is similar to that for other flight
training, except for familiarization with
compatible lighting and specific lighting
modifications. NVG compatible simulators are
extensively used in some training programs, but
see little or no use in others. In training
programs incorporating higher quality simulators,
actual flight time has been reduced by as much as
two thirds.

In general, current simulators are lacking
in their ability to adequately demonstrate NVG
limitations in depth and distance perception or to
teach techniques to offset these restrictions.
They tend to be deficient in their representation
of moon phase, elevation and azimuth; shadows,
weather, vegetation and surface conditions of
water; cultural lighting effects and other
cultural features such as different types of road
surfaces. They also do not provide a display

Figure 1. Resolution Chart beyond the goggle FOV that affords effective
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unaided peripheral visual cuing. REFERENCES

Intensive research and development efforts Crowley, John S. "Human Factors of Night Vision
are underway to expand our NVG simulation Devices: Anecdotes From the Field Concern-
capabilities. One cocý-pt that appears to be ing Visual Illusions and Other Effects,"
especially promising iz. a head-tracked helmet USAARL Report No. 91-15, Fort Rucker,
mounted cathode ray tube (CRT) display of Alabama, May 1991.
simulated NVG imagery. Having a helmet mounted
visual display obviates the requirement for a Gillingham, Kent K., and James W. Wolfe:
conventional dome with its complex and expensive "Spatial Orientation in Flight," USAFSAM
projection system. In combination with newer, TR-85-31, Brooks AFB, TX, December 1986.
much smaller image generators, the CRT/NVG helmet
mounted display offers the potential for a fully Helicopter NVG Manual, Marine Aviation Weapons and
capable, low cost, deployable flight simulator. actics squadron One, MCAS Yuma, AZ, 1990.

Klein, Karl E., and Hans M. Wegmann,
CONCLUSIONS Significance of Circadian Rhythms in

Aerospace Operations, AGARDograph No. 247,
It should be readily apparent from the NATO-AGD, Neuilly Sur Seine, France,

preceding discussion that there is a tremendous December 1980.
variety of NVG misperceptions and illusions. In
general, any effect experienced during daylight Nicholson, A.N., and B. M. Stone, Sle and
can also occur during NVG use. However, with Wakefulness Handbook for Flight Medical
goggles the image intensification process tends to Officers, AGARDograph No. 270E, Harford
intensify the illusions as well as the ambient House, London, March 1982.
light. In addition to the more familiar daytime
phenomena are the NVG specific effects related to Night Operations Working Group, Proceedings of
the properties of near infrared energy and the ANG AFRES Test Center, Tucson, AZ, July 1988.
limited resolution, field of view and automatic
gain control of goggles. Of these factors,
resolution and the effects of automatic gain
control are the most influential.

Among the environmental factors, low ambient
illumination, poor terrain contrast and light
source effects are easily the most important. Any
deficiency in goggle performance which affects
vision will, of course, have a concomitant effect
on susceptibility to misperceptions and illusions.

Incompatible cockpit lighting, helmet
mounting problems and misadjustment of goggles are
the most pervasive and serious factors of all!
These three things are especially dangerous
because their effect on visual performance is
often not recognized by the aviator, and because
the resulting degradation of vision has the
potential of enhancing virtually all of the other
illusions and misperceptions!

In addition to the visual causes, high task
loading/division of attention, fatigue, circadian
rhythm, task imposed stress and proficiency are
all important in the etiology of nighttime
incidents, for both NVG and unaided operations.

Proficiency (including currency) is a key
factor in the conduct of all nighttime operations,
because 1) it is a variable over which we have
some control and 2) it offers the most effective
protection against the effects of darkness,
fatigue, circadian rhythm, high task loading and
stress. The corollary is that effective training
is the real foundation for both nighttime
operational capability and safetyl
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les m~prises et Passe en revue los matt~riels - vision nocturne target Acquisition Pesignation;2) Night vision/adverse weather
dlisponiples iAN/VAS-3) - te&Am~tre laser (AN/PVS6) - vis~e Pilotage Systom;3) Helmet Integrated Display Sighting System do
infrarougo (AN/PAQ-4l. KAISER Electronics.
Service redact ion ENG
ENG PORTEOUS H.; FOSS C. F.; LOCK J. J_
OM-9 1-000723 BM-91-000630
SIGNAL (US) Jane's Defence Weekly (GO)

Enseignements techniques doe la guerre du GOLFE Apport ergonomique Goe I6clairago 6loctroluminescent -HELIT TM-

Publ icat ion en sorie pour le vol de nuit en *-hdlicoptbre*- avec jumeiles doe vision

NO 28; po. 6-120; nO. Fig.; nO. TabI. ; nb. Phot. ; OP. 1991/07 noblcaturne. er
Oulnze articles group~s :1/ LOs enselgnements dO 10 guerre du Pulctoent e

GOLF.2/Lesprorames-clar.3/La eveatin ds amesVOL 28; NO 111; pp.195-200; 11 Ref.; 4 Fig.; OP. 1989/31
GOtLF4.2/ Los. progrmposclaldes Latrlvit allon des arstmes dsLes probl~mos doe Compatipilite on terme doe spectre luminous entre

fnoriesn~rtes.4/res Lo proemes esaelitnes.5 Ls sysl me d'prtoS les 6clairages habituels des tableaus do pord et 10 port doe

"forces"6 a~oErretrdes. premiaers dens Cgnmbnt dean leCadret on jumelles doe vision nocturne par los pilotes d'-h4§lIcoot~res-

l'oprAGUt".6 TEmpETE DeU DSimulatur deo combat damrs -cladrsd amonent A proposer un nouveau modle dreslairage oar plaquettes

l'op~ralionl "TEMPETE DU DESERT".8/ L'OS hation ORUS' don Lslectroluminescentes.

Loptratoniu CTanET ] U DueSreR 8/ GLE. Loaro visio Hoctune.9 /1_ FRE
L~ptoniue dns 0 gerredu OLFE10/La isio noturn~l1 La MONIEZ J. L. ; MENU J. P.; PAVARO 8.; LAVAROE M. C.; LE FLOHIC J1. G.

discret ion des -avions- le F117.12/ LOs SIC dons la guerre du C-91-F02674
GOLFE. 13/ LOs conmuniCtions vrot~g~es des forces a~riennes don s la Midecine Ad~ronautique 01 Spaliale (FRI
guerre dlu GOLFE, 14/ La guerre Olectronique a~rienne doans 10
GOLFE*1S! La menaco 8 et C aurant Is guerre dlu GOLFE analyses 01
prem'l~reS cons~chuentos. Armes Ce I'US Army :10 taux do dispOnibillit op~proche doe 90 pour

FILR YE cent doans I 'operation d~sert STORM.

C-9LLO3221 Army weapon readiness roles averaged 90 per cont in desert STORM

L'armemenl (FR) Pupliolne 01

VOL 157; NO 51, pp. 433-434. pP. 1991/03/14
Enseignements tires Par 1'arm~e de terre americolne doans l0

Armes de Pointe des guerres futures Syst~mes doe d~fense a~rienne conflit du golfe notolmnent en co qui concerne I emplol des
et antila~rlenne doe la guerre du GOLFE. *-hglicopt~res- 01 des missills.Aperctu des d~fitliences rolev~es
Publication em sere doans les domalnes 1FF. Oquiclements Gle --vision- do **nuit**
NO 6; op. 310-312; 6 1001 OP 1991/06 da~aronefs. capacit~s anti nroulllage pour satellites loctiques do
Presentation par tableau de 6 syst~mes d'armes - Avion- Stealth Lransmlssions.
F 117/Missiles de crolsl~re/syst~me Patirot/biombes Redactioni Revue
intelllqertes/svst4mes do Orouillaqe AOlctronlque/syst~fme de ENG
v0sualisation de null C-91-012088
GE R Aerospace Poily (US)
SPANIK S W.
C-91-014428
ASMZ (CH) tqulpemor~t de bord pour condluire les atiaques des dibles la null
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et dlans do mauvalsos conditions de temps.(Tour d-rizon). SENNETT P. J.; COCKBURN J1. .J.
Bortovoe oboroudovanie d~la vedenla atak tselel notchiiou i pri C-91-007504

ploki~hkh pogodnykho uslovilakn. AGARD Conference Proceedings. FR
Publication en serie
VOL 43/90; PP. 21-34: 8 Ref.: DP. 1990
On dkcrit les syst~mes de conduite dattaque do nult.On indlique Instruments d'avionique modlerne do hauto performance.La solution
105 6quipements dont sont ou seront dotds ces **avions*..On des affichages a A~cran plat A DEL.
indlique les syst~mes doe Dord n~cossaires A la condluito des High performance modern avionic lnstruments.The LED flat panot
attaquos do nult des **avions** Harrier. Jaguard, A-7, F-lB. F-15, display solution.
F-l6, Tornado. etc... Momoire Congros
RUS NO0 901819; 12 p.: 3 Ref.; 3 Fig.; 3 Tabl.; 2 Phot.; DP. 1990
TCHERNIKOV Cot article Oxplique pourguoi il ost avantageux d'utilisor dos
C-91-010958 diodes Omettrice lumiere (DEL) et coemment los utiliSer do fa4;on
EkSpreSS informatSiia-aviastroenie. SU. Nouvelles fiat)o IePour r~pondre aux exigences do I'instrument attion d'a~ronefs
Drdves-construction aironautique dlans des applications telles quo la vision dlans 10 noir total ou

sous fort 6clairage naturol.Des solutions pratiquos incluant des
donn~es pert inentes do performances sont fournies avec 105

VerS un Cockpit coeipl~tement intoractif. ensembles do gatmmes LED couraxelent employes aujourd'hui .
Towards a fully interactive cockpit environment. ENG
Publication en serbe BERNARD E.
VOL 24; pp. 237-242; 2 Fig.; 6 Phot. ;OP. 1991/03 C-91-007480
Cot article est entidrement consacr6 aux dispositifs do SAE Technical paper series. US
visualisation en avioniquoll1 traite notaimilnt des nouveaux
materilos aussi Dien pour les kcrans mont~s sur casque (HMD) que
pour ceux Sur 105 tableaus do Dords (HDD).Il panle entre autres du SpkCificat ions d'un dispositif de visualisat ion et doe vis~e mont6
dispositif d'un casque intdigr6 ldger 6quip6 de deux tuDes do Sur caSque pour Vol do nuit Sur -h~licopt~ro-..
lunettes do vision nocturne et doe deux tubes cathodilquos Requirements of an HMS/D for a night-flying helicopter.
pormottant do surimposor la vision nocturne et 105 images Mtemoire Congros
thermiques avec us symbolisme --aeronautique--O'autres syst~mes VOL 1290: NO 10: pp. 93-107; 9 Ref.; 12 Fig.: OP. 1990
complexes sont abord~s~L.article dacrit ensuito los futures Description des bOS01nS op4ýrationnols des aspects ergonooliques et
ambitions du syst~me doe commnunication au soin du cokpit.l finit desS p~cifications. d'un casque int~gri§ l6ger 6guipi do deux tubes
enfin par la description do l'avance tochnologique israelienne et doe lunette do vision nocturne et deux tubes cathodiques permettant
par )a Concurrence dlans la demonstration pratique dos dispositifs de surperposer ia vision nocturne et los images thermiques avec un
sur casque. Symbolisme --aeronautique-.
E NG ENG
HEWISH M. ; TURBE G. ; WANSTALL B. B0OHM H. D. V. ; SCHRaNNER R.
C-91-009259 C-91-007372
International Defense Review (USt Proceedings of SPIE (US)

Dkfense at crtidit. Dbveloppement d'un syst~me do lunette do **vision** doe *nuit*.

Publ icat ion en sorbe montAi Sur casque d'aviateur.
NO 2836: pp. 18-21; 1 Fig.; 2 Phot. ; OP. 1991/04/08 The development of on aviator helmet mounted night vision goggle
Entretien avec le0 d64guA gi~neral pour l'Armement qui r~pond aux System.

critiques port~es contre 10 dispositif francvais dlans 10 Golfe en Memoire Congres

disant que "la division Daguot a LAtA ol~pioy~e avec des moyons VOL 1290; NO 13; pp. 128-139; 9 Ref.; it Fig.; OP. 1990

mat~rierS qui lul Ott cermis do r~aliser une manoieuvre Examen do Ia conception d'un systeme montA Sur casque developp(A

enveloppante clans des conditions doe reussite pour 105 pilOtos d"'h~licopt~kres~ et dOe resacteurs du Royaume-Unl

except ionneliies" Aclaptat Ion ldu mat~briel franvals aux conditions du par 1a firme FERRANTI :les lunettes de vision nocturne
d~serts et A ]a --vision- do *'nuit--.Am~li0ratior5 'a prL~voir NITE-OP/NIGHTBIRO. Etude: dos contraintes Sur los Aquipements. do

pour I'avenlr.PrioritLA A la dissuasion nucIL~aire.L'effort 14 sdcuritA6. des facteurs humains, des performances optiques. des
budg~taire minimum.ChiffresSsur la Di~fense.Les risgues majeurs mat4§riaux et des options do fabrication possibies.
venant do l Est et du Sua.Les ventes d'armement et Ilaffaire ENG

Luchair.L'aide militairO aux. Days menaces par oeurs vois ins.La WILSON G. H.; MCFARLANE R. J.
creation de odles ilidustrielS d'armement europ~en. C-91-006553
FRE Proceedings of 5Dbe (US)

SILLARO V.
C-91-FO1817
Valeurs ActuelieS. PR La --vision- doe -- nuit- des pilotos :105 probtLSmeS lies aux

factours humains.
Pilot night Vision :human factor problems.

Jane5 sAQuipements do s~curiti§ et do repression lies 6meutes Publiicat ion en Serie
1990-91. VOL 24; pp. 65-67; 9 Ref.; 5 Phot. ; DP. 1991/01

Jane's security and co in equipement 1990-91. Pr4§Sentatlon des recherches et r~aiisations internationales (USA,

Ouvrago Royaumethli. France. Israel) en mati~re do vision sarlenne do nuit

610 P.; 14 Fig . 4 Tani. ; 1581 Prot.; PP. 1990 et Plus Part icul ierement . do lunlettes de vis~e nocturne.Examen des

Descriptioni et caract~ristiques des Oquipements do ce domaine inconv~nionts doe ce type d'appareil :Champ visuel limite. p~riode
osistant sur le marcMO mondial :arme a feu ipistotets. d'adaptation physique et pSychologlique n~cessaire pouvoir do

pistoiets-mitraillourS. fusils d'assaut. fusils A lunette. fuSils resolution relativement faible. Sensibilitit aux sources lumineuses

A pointage opironique et iaseri;Asquipement opi~ratiotnel ext~rieures. casque d~sl~quilibrA6 constituant une cause do fatigue

iv4§hicu'es. 1*nelicopteres- e1 **aviOnS* l~gers. embarcatlons. et un danger en caS d'6ject ion.
Aguipements de surveillance radar/vidL~o/iunlelles pour vision ENG

nocturne. g~n~rateurs do rayons X. d~tecteurs doe m~taux. portiquos ROBINSON A.

do securitA. robots Dour deminago et d~samor~age). matdriel Pour C-91-006550

contri~le des Omeutes (grenades lacrymogknesi. C31 (enrogistreurS. International defense review (CH)

surveillance des t~l~copleurs. Communications radio. Conmmunication
do s~curite. gest ion do donn~es). AqulpementS do protection Facteurs numains.
(iglets pare-balies. contri~les dlacc~s et Derim~tres doe Human factors.
protect ion. blindages. boucllerSi.Pubiication revue annuoillment Memoiro Congros
par le CEDOCaR Consultation Sur place. VOL 1290; PP. 142-203; 58 Ref.; 33 Fig.; 8 Tabi. ; 3 Phot,; 5
Jane's information Group 1G81 articles; DP. 1990
ENG Considerat ions Sur la securitAs et 105 factours tunaires des
C-91-007859 syt~mes Saronautioues do vision nocturne utilisant des dispositifs

d-imagerie thermicluo.Appiicatton du traitoment visuel aux
Sireilanc ca olot de aies ]avisalsaton ~n~~soar cli soposIt IIf sde visual isatlon Sur casque.Etude de l'influence des

Suffeilancldepalr piat des aiduesaaviulatingnrePr d~fauts do cadrage et doe chevauchement do reconnaissance viSuelle
Pilt bandue in of display um iueracmnsgeatdfoaditl pouruundiSpoSit If birloculaire devisualisation monies ur
daltabnarsge ipayetnemnsgnrae rm iia casque.Analyse dos facteurs humains fondamentaux Olats 105

database~ Coge ispositifs Sur casque monoculaires 01 bilnocuiairos.Evaluat ion do
NOmoire56 Conge 1311 ;5Fg,5Po P19a pr~cision de ia poursuite visuolle dan un butdecmnsto

On d~crit le syst~'e 'Penetrate' aeveloppAs par Ferranti pour )a deprlaee evse

navigation basso altitude. et actueliement essay8l en vol sur un PE(S

hiunter' A FarnpOrough Le Coeur du systeme est ute Pandue doeEN

dotnnes comoortant ute maquette tridimensionneiie dlu relief Les C-91-006503

informations sont transmises au oliote au moyen d ut ecran de Proceedings of SPrt (US)

visuaiisat ion t~te "aute L accent esi mis sur la n~cessitAs
visuelle pour le oiiote 0 exercor use surveillance visuelie pour Simulation. essal 01 evaluation
uto melilleuro correlation estre I image synth~tique et Ia realilt Simulation, test and evaluation.
ENd M~emoire Congres
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VOL 1290; Pp. 206-264; 9 Ref.; 20 Fig.; 4 Tabi-; 14 PhOt.; 6 VOL 29; NO 8; pp. 863 A 869; OP. 1990/08
articles; OP. 1990 En 1986. la Specification MIL-L-85762, coimmune aux trols armbes
Mesure du rapport signal Sur Druit et de la ribsolution des am~riCaines. intitul~e "Lighting, aircraft interior, night vision
lunettes de -- vision-~ de -- uit- de IUS ARMY. 04velOppement et imaging system comlpatible" a 6t6 adopt~e atmn de r~soudre lea
empiol de dispositifS de visualisat ion months sur castlue. et probl~mes de l"clairage du cockpit.Elle d~finit l~instrumentatiOn
Ovaluation en voi ce ceiui 4quipant les pilotes de F-16.Examen de de mesure et les techniques exigL~es pour certifier due les
concepts de -cabine virtuelle" au cours de missions simul~es.Etude comoosants dol&3airage sont compatibles avec: les SYst~mes de
des mouven~ents de la t~te du pilote durant des combats ai~rienS vision nocturne.LeS efforts en cours concernant cette
Sliiui~s Sur F-15C_ specification comportent la caract~risation des incoispatibilitks
SPIE (US) d'Oclairage dans les a~ronefs en service de I'arm~e am~ricaine. ia
ENG mlse en oeuvre de programises correctifs pour le!5 cockpits oci il y
C-9 1-006502 a incompatibiliitA et ia certification des composants oropoSAS pour
Proceedings of SPITE (US) Iliclairage des syst~mes futurs Sur I~avion**.

ENG
RASH C. E.; VERONA R. W.

Le groupe Boeing/SikorSky pour le LH fait la demonlstration du C-91-003106
syst~me de vision nocturne. Optical Engineering (US)
Boeing Sikorsky LH team demonstrates night vision System.
Publication en serie
VOL 169; NO 55; P. 452; OP. 1990/12/20 La nuit nous appartenait.
le groupe Boeing/Sikorskyen concurrence pour ie programmne We owned the night-
d-h~licoot~re- l6ger Lii de I'arm~e de terre americaine. vient Pubilicat ion en serie
d'effectuer avec succ~s ia d~monstrat ion du syst~me de Piliotage A VOL 13: NO 10; pp. 33-34. 37-48; 2 Phot. ; OP. 1990/10
vision nocturne NVPS de Martin Marietta. A imagerie haute L'articie ddcrit l'Oguipement de vision nocturne utiliisA pendant
risolution (technoiogie d'infrarouge utilisant un pian focal. i'op~ration "Just cause" paý larm~e am~ricaine qui intervenait A
toureile stabilis~e. nouveau PLIR) permettant le voi au ras du Soi Panama :AN/AVS-6 ANVIS (Aviator's Night Vision Imaging
de jour et de nuit. System);AN/PVS-7 lunettes de vision nocturne pour fantassin et
R~daCtIon revue lmitrailieur d'-h4§iicopt~re--;iunettes AN/PSV-S pour
ENG fantassin;AN/PSV-4 pour viseur de mitrailleuse;AN/PAO-4 A lumiere
C-91-006140 infrarouge de vIs~e.CeS dispositifs de vision nocturne Sont
Defense daily (US) coireandL6S par l'interm~dlaire du PM NVED (Projet Manager Night

Vision and Electro-optics) de Fort Belvdir.
ENG

Le groupe Boeing/SirkorSky du LH fail une demonstrat ion du Systibme KIMBERLY J. L.
de pilotage de huit. BM-9 1-000072
Boeing/Sikorsky LH team demonstrates night vision pilotage system. Journai of Electronic Defense (US)
Publication en Serie
VOL 1W6 NO 55; P. 480; OP. 1990/12/21
Le groupe Boeing/Sikorsky qui concourt pour Ie prograimme LH Les forces terrestres japonaises vont modifier tous leurs
d'-h~licoptdres- ligers de I arrnde de terre am~ricaine vient *-hlIicopti~res-- pour ieur donner la capacitA op~rationnelle dae
d'effecluer une s~rne de tests en vol trbS satisfaiSant (Ak bard nuit.
d'un S-76 am~nagOl du SySt~me NVPS de Martin Marietta, syst~me de GSDF to modify all helicopters for night operation.
pilotage en vision nocturne qui doit permettre au LH de voier en Publication en s~eri
rase-mottes par tout temps et de huit et d'effectuer toutes les NO 985; a. 3: OP. 1990/10/22
manoeuvres possibles. Les forces terrestres japonaises ont d~cidA6 de modifier au cours
Ribdact iOn Revue du plan 1991-1996 tous leura -h~licopteres- pour lea rendre
ENG capabies d'assurer de nuit leur missionabDepuis 1985 lea piloteS
C-91-005459 ont epren des lunettes de vision nocturnes pour lea vois de
Aerospace Daily IUS) null mais l'4clairage int~rieur des **h~liocopt~bres** amplifi6 par

ces lunettes se rdv~le trop fort et blesse lea yeux des pilotes.La
-Holicopt~re- antichat PAil-I avec: le syst~me racal dle navigation, modification de Iliclairage des Cockpits reviendra A 67 miilions

Publication en aerne de yens par appareil. sauf pour lea AH-IS et HU-IHi (modifiA) gui
NO 10; p, 703; 1 Phot. ; OP. 1990/10 Sont dali 6guipds pour les vols de nuit.

Presentat ion du syst~me RAMS-RACAL avionic management system - de Redaction revue

navigation a~rienne dont lea *-heilicopttres- PAH-i de I arm~e de ENG

Terre allemande sont Aguip(§s depuis mai 90. et donhant A ces C _91-002097

a~ronefs une capacit,6 tout teMPa.Comp~osantes du syst~me.MarchisA Aerospace Japan Weekiy (JP)

I exportation.
REDACTION REVUE
GER McAlpine achdve lea essais du syst~me "Sea Owi" pour

C-91 -004101 -h~ilicopteres-.
Soldat und technik (DE) McAlpine complete "Sea Owl" helicopter trials.

Publication en serie
NO0 1; pp. 22-23; OP. 1990

ROSuitatS de vision nocturne de 'US Air Force 23. Etat d'avancement du prograimme d'essais conduit oar McAlpine
Night vision Issues in 23 AF. Helicopters et relatif au syst&me de surveillance "Sea Owl" A
Memoire Congres imagerie thermique.Firmes concern~es.
VOL 24; pp. 104-105; OP. 1987 datoReu

Af in de mieux comprendre lea probi~mes de vision nocturne R110c ion Revu
vol. lea *-avions-* utilis~ss par I'S i Force E3sn le~t M-1004

a~s u 'nvrneetpatcle temp~rature. Defence. Commeunications and Security Review (GB)
humiditA&...i).L'auteur s'adresee ensuite aux ophtalmologistes et
aux physiologistes de Brooks AFS.
ENd ITT Corporal ion.Rapport annuei 1989.
HAMER D. L, ITT corporation 19B9.Annual report.
OM-91-000117 Rapport

Rapport anuei; 42 p.; 4 Pig.; nO Tabl.; nb Phot.; OP. 1990
Industrie automobile, compoSants diectroniques technologiC des

Le tigre cnasse Ia nuIt.Caoacit~s de combat de nuit pour fluides. technologie pour la Dbfense. assurances, finance.
-neTIcopt~res-. services de colmmunication et d'informatioii.En technologie pour ia
The tiger hunts at night-night air combat capabiiity for Difense :syst~me SINCGARS. syst~me radio de Combat pour l'Army.
helicopters. troisi~me g~n~rat ion de lunettes de vision nocturne. SyStAmwe ASPJ
Publication en aerne djauto-protection des **avions** dappui tactigue pour la marine,
VOL 35. NO 6; 0o. 72-74. 77; 3 Fig. ; 3 Phot.;, OP. 19930/10 systtme ANOVT dle transmission PrOtt~ge dle Ia parole et des donn~es
Revue des perfect lonnements technologiques dont va b~n~f Icier pour lea riseaux radiophohigues et t:6l6phonigues.
I -melfcoptere- franco allemand TIGRE Pour Son emiO1i tout temps International telephone and telegraph corp (ITT) (US)

: lLuhetteiC5e --vision-- de --nuit- 2-Syst~kme FLIR ou PASSIVE ENG
forward lCoking Infrared field 3-Syst~mes Missiles 4-Syst~me C-91-000949
d idenficat ion NIS.
8 NG
ZEIL.INGER M. Le combat 24 heures Sur 24.
C-9 1-003261 24 hour battle.
Nato a sixteen nations INLI Publication en serie

VOL 14; NO 15; PP. 712-714-716; OP. 1990/10/13
Analyse des probid~mes de limitations causds par l'emplol des

ComblabilitO de I 6clairage Cockpit et des syst~mes d'imagerie *.avionsn. Cet -nI§Iicopt~reS-- de combat 24 heures Sur 24
nocturne A Intensification d'image. (fatigue. consommiation de munitions, soutien logiatigue.
ComptabIlity of aircraft cockpit lighting and image restrictions impos~es oar i'emploi de lunettes Oe vision
Intensification night Imaging systemsi. nocturne ...l).
Publication en serie Service r~daction
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ENG -h1licopt~res"- ae nuit.
C-9 1-000543 Army expands night helicopter operations.
Jane's Defence Weekly (GB) Publication en serle

VOL 133; NO 2; pp. 39-41. 44-45; 8 Phot. ; OP. 1990/07/09
Une s~r ie de comt es rendus de v is It es sur des bases de IlUS Army

Le Systdme ELVIS pour I hm~llcopt~re"" PAH-i. (Fort CampboellI. Fort Worth. Dal las) IlIlustrent Ilextension donn~e
Publication en serle aux capacitibs d'asSaut de null des ""h~licoptilres** du *160th
NO 8; P. 82; OP. 1990/08 -Avlationlil Regiment" )MH-47E. lH-60K. Ui-6-530, OH-6) et Ge ses
Pr~sentat ion du concept ELVIS - Ernst LeitZ ViSionik D our un trolS Oataillons (A/4H-6. UH-60, UH-BOA. iJH-60L. CH-470. M/UH-60,
syst~ime modernis6 Ge --vision-- Ge *-nuit- destinA A C/IH-47).Sont notasmment abord~s les probl~mes d'entrainemient des
l'*h~licopitire- antichar PAHl1. pllotes. l'avenir du V-22 Osprey, Ge configuration Sans rotor Ge
R~dact ion Revue queue du H-6-530, d'6quipement GPS portable.
GER ENG
C-91-000051 BROWVN P.
WehrteCnnik (DE) C-90-012793

Aviation Week and Space Technology (US)

Planification, pr~cision et effet Ge surprise ont conduit au
succ6S A Panama. Coeipte rendu Sur OSA' 90 1 Kuala Lumpur.
Planning. precision and Surprise led to Panama successes. Publication en serie
Publication en serle VOL 14; NO 3; P. 80; 4 F ig. ; I Phot- ; PP. 1990/06
VOL 127; NO 7; pp. 26-28.30-32; 2 Fig.; 4 Phot. ; OP. 1990/02 DSA' 90 quI s'est tenue en mars 1990 A Kuala Lumpur. MalaiSle
Enseignements tiras par le Conmmandement Am~ricain Ge l'otpration 6tait presque exclusivemient consacree aux materiels Ge d~fense.Ce
JUSTE CAUSE men~e en D~cemore 89 au PANAWA.Points mis en relief: fut une exposition bien organis~es et du plus grand intirdt.Revue
1-la pr~paration Ge l'optrationi.2-les moyens engagds par les des principaux mat~riels expos~s :matL~riels Ge
troupes a~broport~es et les missions accomplies par I'US AIR francruissement;v,6hlcuies terrestres;v6hlcules non blind~s.
FORCE.3-le syst~mea Ge -- vlison-- Ge *"nuit"- ANVIS-6.4-le premier FRE
engagement Ge I-htlicoipt~rell APACHE et du STEALTH FIGHTER GEISEN NEYNER S.
LOCKHEED F-1l7 A.5-Les missions des forces sp~ciales USAF.Une C-90-F03211
carte au thAtre d'oo~rat ions. Armada Internationale (CH)
ENG
ROPELEWSKI R. R.
C-90-014073 VcI Ge nult. attaque Ge suit.
Armed forces journal international (US) Publ icat ion en serie

NO 186; po. 31-34; 8 Phot. ; OP. 1990/06
Exiamen des caoacitis Ge vol et G'attaque Ge nuit des

Rapport annuel 1989 Ge la soci~tA McDonnell Douglas. ""nelicop~t~res"" actuels et futurs.
McDonnell Douglas. 1989 annual report. FRE
Rapport DAOUST P.
Rapport annuel ; 44 p. ; no Tab].-; no Phot. OPp. 1990 C-90-F03 197
"4Avions"0 Ge combat :select ion do F/A-18 Hornet par la Avianeis International (BE)
rilpublioue Ge Cor~e ;avai'cte des prograsmmes
aeronaut lques. ""Avitons-- Ge transport Civlls et militaires (le
C-l7 Airlifter pour l'Air Force).Missiles. espace et systomes Les SySt~mes Ge defense Gans IC mnonde ann~e 1990.
Alectroniques G dtecteurs et syStdmes Ge surveillance Defence systems internal lonal 90.
(coemmunication spatiale ;contre-mesure Olectro-optique ;C31 Oovrage
;iseur mnortL sur mf~t ;detection infrarouge emoarau~es. --vision-- 280 p.; nomOr. Fig.; noimor. Tap1. ; nomor. Phot. ; PP. 1990
de -- muitt--. imagerie Gants le Gomaine visible). G~velopoement do Revue Oes principaux AoQuipements des arm~es Ge terre. en service
prograimme National ""Aerospace"" Plane.Services financiers. Ou en G~veloppement.Hult parties :1) V~hiicoles blinads Pour les
McDonnell Douglas (USI annees 90 2) Puissance Ge feu 3) MobilitA et contre-mobilite 4)
ENG ""Hl icopt~reS-- du champ, Ge oataille 5) Coemiandeiment Contr~le et
C-90-013690 comumsnicat ions (C3) 6) STANOC (surveillance, acquisition des

opjectifs. observation nocturne et coyltre-Surveil lance) 7)
Protect ion 8) Simulation et instruction.

L-6*"hlicopt~re"* OH-58 D et son syst~me Ge visACe monte Sur mAt. ENG
Flying the OH-58 0 and its mast-mounted sighit. BLAKEY G.
Pool icat ion en serie C-90-01 1506
VOL 45; NO 7/t990; pp 551-555; 4 Phot. OP. 1990/07
Pr~sentat 'on du nouveau syst~me Ge vls~e nocturne. mornle sur mAt.
Ge MCDonnell Douglas. Nortnorp. GeStlne6 A l'""li~licopt~re"* Le comportemenlt thermique des arri~re-plans naturels et sa
amdricain OH-58 O.Celul-ci alnSi OquipA. est apte A remplacer A la pr~vision au mayen Ge mod4§les numidriqueS.
fois l""nblicopt~re- Ge reconnaissance OH-58 A/C et The thermal behavior of natural backgrounds and Its predict ion by
I-"h~licopt~re-" armA AN-I Coora. means of numerical models.
E1NG Memoire Congres
LAMERT M. NO CF 453; pp. 38. 1-38.12; 25 Ref.; 18 Fig. ; 1 TaDI.; PP. 1989/09
C-90-013658 Evaluation et comparaison dC moo~les d'arri~re-plans Iliermiques en
Interavia (CH) coors Ge d~iveloppement dans Givers pays (USA. RFA) pour eAtudier et

minlmiser Iinfluence des variations Go terrain et des paramdtres
miot~orologiques sur les performances des systimes dlectro-optiques

La nouvelle Alectronique Ge IlUS NAVY a tiord des ""h~licopt~res"" Gle combat.
The NAVY's new electronic took. ENG
Publ icat ion en serle W0LLE1.WEBER F. G.
VOL 22; NO 6; opp 92-97. 3 Phot.ý O P 1990/06 C-90-010996
Les syst~mes Ge contremiesures 4lectridues. FLIR. et Ge -- vision-- AGARD Conference Proceedings (FR)

Ge --null-- constituent des moaernlsations importantes des
Aouioements des aeronefs Ge IUS NAvY.Larticle pr~sente les
modifications apporl~es A Ilavio,,itue du F14 TOMCAT. PU F/A-lB L -0avion"" F-lB Go prograimme AFTI acheve des essais G'appul
HORNET. de IlA-12. Ge I EA-68 PROWLER. du E1-SA (TACANO). Ge aerien rapprochO phase Gle G6monstration.
I AV-88 HARRIER. Ge )l""h4licort~re"* SHi-60F Ge guerre anti soos AFTI F-16 comipletes CAS lest. Geimonstration phase.
mannm. et Ge Giverses plateformes mulTipleS Publication en Serie
ENO VOL 132. NO 14; pp. 38-40: 2 Phot.; OP. 1990/04/02
GOURLEY S R, Une version Ge 1 ""avion"" experimental AFTI-F 16. sp~clalement
C-90-0131 12 6duicpOe pour le G~veloopement G'un syst~me dGappui sarlen
Pefense electr'onics (US) rapproche. vient Ge lerminer la premiere phase Ge ses esSais en

vol.11 apparait Quotne avioniquC sophistIquAC pourrait Conner A
cet ""avion"" des capacit~s Gie detection et G'engagement. Ge

One nouveile g~neral ion G imageurs !mermi'ques cibles at 501 Ges la premii~re oasse.L'Lquipement Alectronldue
A new generation of thermal imagers glop~al nycessaire n'est pas encore G6fini nals il comportera
Memolre Corigres vraisemOlablement uh Gispositlif Gaffichage mont6 Sur casque.
NO 321. pp 166 A 170, 6 Fig . 2 Tab] , PP 1990 combihant Ce Systo~me FLIR "FALCON EYE". asservi A Ta t~le Go
Descript ion des imageurs thennilaues CONDOR et TIGER utilises poor Ipilole, avec Ges lunettes Ge vit~e nocturne af In Ge disposer Goune
lC Syst~me Ge vision des missiles TRIGAT Pt HOT, pour le systemie capacitO Ge combat Gle hull moltisoectrale totalemehl integr~e
Ge vison Ge roil Ge I -"h4llcopl~re"" PAH12/HhC ENG
ING SCOTT W. 8
BUCHTI MANN W. ; DEANE J P . PRAT 0 . PRUJNIER 0 C-90-009869
C-90-012855 Avlal ion week and Space Technology $US)
lEE Conference Publi cat ions IGO)

EsSais Ge capleors Gimages en Y015 Ge null A Passe alt itode
L Arm~e Ge Terre des USA GesveioopC I eeoloi ocerattonhel Giet Low-level night f,0 lhmg tests imaging sensors
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Publication en Serie VOL 153. NO 3; P. 21; OP. 1990/01/04
VOL 44; NO 9; pp. 89-90, 92. 94, 96-97, 5 Phot.: OP. 1990/05 Les Garde-C~tes am~ricains prolongent Ce 3 mois l'exp4rimentation
Descript ion pes eSsais real iSOS par IPUS Army en vue de determiner Sur leurs C-130 de Syst~mes permettant aux Oquipages de mieux voir
les avantages que peuvent apporter les progr6S 'tecrhniques des les Oateaux de nuit Le SyStOme plac6 souS les ailes SAMSON.
capteurs dJaCiquisition doe Cible et dimagerie nocturne aux Special Avionics Mission Strap On Now. SySteme FLIR avec
operations sur --n~licopt~res-* A Passe altitude de nuit et en illuminateur laser, avec: 6cran de lecture num,6rique ne n6Cessite
conditions m~tiorologidlues dafavoraoles. aucune mod~ification du C-130 et de son alectroniQue.
Signal (US) Redaction revue
ENG ENG
C -90-009498 C-90-006380
Signai iUS) Aerospaces Daiiy (US)

L armete de l'air britannique experinrente ie sySt~me Flir avec ie SySt:4me de projection Optique A double asserviSsement.Une solution
Jaguar. aux besoins dle visualisat ion dle deux membres dI'Lquipage et de

Publication en serle vision avec lunette de null.
NO 3z p. 32; 1 Phot., O P. 1990/03 Dual Servo Optical projection System iSOPS).A solution for two
Informat ion sur la commandle dlu Minist.Žre britanidue de la defense crewMember and night vision goggle display needs.
optenue bar )a firme GEC SENSORS concernant un systeme LIER pour M~moire Congr~s
le royal air force Ce sySt~me d6signa& Par le sigle NO SAE89-2353; 5 p.; 7 Ref.; I Fig.; PP. 1989
Atlantique-Airborne Targeting Low Altitude Navigation Thermal Descript ion de Ia Conception et de la mise en application d~un
Imaging and Cueing- dolt %tre experilmenle sur --avion-- Jaguar diSposIlif d'afficnage visuel dul r~soud Irois Orobl~mes
destinO A Ilentrainement. importants rencontres sur ]as simulateurs :obtenir une imagerie A

Redacion evuehaute r~solut ion et grand Champ visuel A l'alde d'un malt~riel
GER d'affiChage et de traiteiment dimage minimal;optimiser le systeme
SM-90-000344 d'afficrhage pour leS pesoins de Ilentrainement au vol avec: lunette
Wehrlechnik (DE doe vision noclurne;fournir une imagerie s~parae et precise A un

6dulpage de deux Personnes.
ENG

L US Army rechercne ..n syst~me doe detection des cAbles permettant WALKER J. L. ; BIEN J. ; CASTO C.; SMITH B.
aux pilotes dJ'*hlI~coot~re- de vOler plus vile A Passe altitude. C-90-005878
Army seeks System to dcltect wires so *'helicopteres*- Can fly SAE Technical Paper Series (US)
fast. low.
Publication e silnre
VOL 132. NO 4; pp. 77. 79. 81; 3 Phot. OP PP 1990/01/22 PA~uI en Avril 1990 des tests du systeme dle vis~e laser pour
Le programmie OASYS (-Obstacle Avoidance System*) a pour objectif *-aviono de null Pour ]es forces sp~ciales.
de fournir aux p1 idles da*halicopteres- des informations sur des Testing of sof night vision laser targeting device to begin in
dlisposit ifs do visualisat ion mont~s sur casque. permetlant une April.
utilisation continue de lunettes de -'vision*- de "nuit" ou de Publication en s~rie
syst~me PLIR. augmentant ainsi IlefficacitAi opdrationnelle et la VOL 152; NO 58; pp. 481. 482; OP. 1989/12/27
s4§curIlA La premiere Otape de ce programm~le coeiporle des Les tests au Sol du Systime dle vlsA4 laser infrarouge permellant
simulations en vOl destinees A Avaluer les performances loortoe. auXi lireurS des -h6Iicopt~res-- des forces d'operations Speciales
detection angulaire. champ visual. sacuritA~ oculairel et les de frapper leurs objeclifs sans utiliser de munitions traieuses.
caract~riStiques icoo~t. si mplicIta. maInlenabilittA. poids et auront lieu en Avril 1990. sulvis de tests en vol en Mal.Le
dimensions) de quatre types de syst~mes (radar en ondes syst~me BSTING. technologie de vision par faisceau laser
mfilimitriques. radar A laser au dioxyde de Carbone, radar At laser rincorporant des lunettes do vision nocturne, eat d4laillb dlans la
en infrarouge Procne. t~ldvisloni. suite de l'article.
ENG Rediact ion revue
NORDWALL B. D. 6140
C-90-007588 C-90-0057 12
Aviation Week and Space Technology (US) Aerospace Daily (US)

Proibabilit~s des rep~res visuals. g~omL~trie et ergonomiie dlans les Acquiusition de clble dean combat afirien entre --hiliiCopt~res51.
opirations en nh~licoptere- avec: visibilitA Iimitlie. Target acquisition in helicopter air-to-air combat.
Imaging propabilitts. geometry and ergonomics In limited M~moire Congr~s
visibility helicopter operations NO AIAA892147; 4 p.; OP. 1989
Mesmoire Congrds Egamen des Problilmes rencontrds par ]es p1101SCC ans l'uliliSat ion
NO CP-470; pp. 20. 1-20.11; 7 Ref.; 6 Fig.; I Tab]. ; OP. 1989/09 des CapteurS actuels. notaimment ceux bQuipant Il**hASIC0Vtdre**
Pr~sentat iOn d'une OtudC. Sous I 'angle de la stcurit4 des vols et Apache AH-64A (Syst~ime TADS Comportant trois capteurs
de IlefficacIt6 op~rationnelle. des relations entre pilotes infrarouge. t~livision. optidue :avec posSibilit~s dle coupige avec
d-h~licoptore- Cl systdmes de -vision- de --nutl-.11 d'autres dispositifs :casQue. condluite de hir canon. --vision-~
apparaitsqu'un r~examen fondamental des approches conceptuel les de --nuit--). pour I'aCquisition et la d16signat ion dle cible en
eSt n cessaire pour amlilorer de fa~on significative le syst~mes coimbat a~brien entre **h#IicoptL~res** A courle mloyenne et longue
de --vision-- de *huitt-.Le besoin majeur est l'augmentation de portse.Analyse de Solutions possibies suggortes par des pilotes
Ia orobabilitO que les systilmes actuels fournissent Aux pilotes dUrant des esSais.
?Cs meilleurs reptres visuals autoris~is par la technologie ENG
actuel le. WILSON E.
E NG C-90-0056 16
WRIGHTl R H. AIAA papers (US)
C -90-007560
AGARD Conference Proceedings (FR)

SySt~iies d'entrainewielt.
Training systems.

Nouveau rev~ltement optique pour les capteurs de vision nocturne Memoire Congribs
des AH-64 VOL 2/4;: NO 99CH2759-9; pp. 876-893, 1863-1869; 7 Ref.; 12 Fig.. I
AH-64 night vision sensors to reclive new optical coating. Tabi. ; 4 m~moires: PP. 1989
Publication en serne Descript ion du SySt#iw expert EXT destinAS A 1 instruction
VOL 153; NO 11; P. 85; OP. 1990/01/16 44imneritaire d3es analystes de Signaux ELINT.Prtsentation du
LOS capteurS de vision en nocturne des *-h47icoptilre* d'attadue prograim*e de d~v'eloppemenl de simulateurs dle vol et de combat sur
AH-64 Apache de l'arm~e de terre amlricaine vont recevoir une lea **h6Iicopt~res*- AH-64, AH-IS et 014-60. de 1-uS
nouvelle coucne prOtectirice de leur ootidue. couche de Carbone Armly.Aoplilcat Ion de nouvel ICR technologies A Ia Conception at au
dur. d'une dur~e de vie dle 20 aflm (au lieu do 3 ans pour d~veloopement dle simulation d'entraineiment A Ia maintenance du
Ilancienne couche cle fluorure de thiorlium) efficace Contra IC F-16 (contrat USAF no F33657-85-C-0028). AnalIyse Ocis actions de
sable, ICs poussi~res et CeS d~brIS soulevas par les Pales des management Qu'il faul exercer au cours du chrouleiment d'un
rotors et assurant au bibloe une vision claire infrarouge du programme d'eiseignement et de formation d'*QuIpage d'aaronef pour
systeim de vision TAOS/PNVS. dont 745 vont atre ainsi tranSforeds. assurer l'adafuation Des objectifs visas et du niveau
permettant une Oconomie de 27.9 millions do dollars sur 3 d'instruction atteint (volume 4).
ans Coite nouveile couche #duipiw le char M1. las p~risCopeS dle ia leee (us)
marine et IeCchar Leopard. ENG
06dact ion revue, C -90-005059
ENG IEEE NAECON Proceeding (uS)
WU90-0003 19
Aerospace Dally (US)

Coeloatibilitil entre Cas syst*Mes dle vision nocturne at le
vieillissement dle l'aviateur.

Les Garde-C.Stes orolongent I exo~rimentation des systmaiCs de Comatibility of the --aviation- night vision imaging systems and
vision nocturne pour ICC C-130. tiie aging aviator.
Coast guard Cextends C-130 demonstrat ion of night vision devices. Publication en e4@rie
Publication en s~rie VOL 60; NO 10-11; pp. 8 78-B 80; 9 Ref . 1 Tabi . OPID 1989/10
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L'Arol amdricaine utilise des SySt4OieS do vision nlocturne gui DisPositif de visualisation Sur casgue.
bOuv~nt *tro incompatibles avec certains troubles do ]a vision COngr*s
li~s au vloiiiissogment.0baprts uneo*n~u~te faite chez les VOL 1116; 210 p. nbX Ref. ; 120 Fig. ;4 TabI. ;OP. 1989
aviateurs do r~serv* d11ge moyen 39.5 ans To port des lunettes de Dernidres apolications de SyStttlms Optiques de visualisat ion Sur

vision nocturne Oat imoOssible chat 7.2 Pour cent des sujets. chez casgue Pour -- avlon- tactique. **h6llcoptL~re**. Simulateur et
18 Pour cent d'entre eux loS lentilles correctives n'6tatent pas v~hicule terrestre.Les articles ant etL% repartis entre los 4
Compatibles avec Cos lunettes do Vision nocturne.Cette sessions **h61lcoptdres** - Simulation et espace - **avion**
cOfistatation a des conSiguenCeS importantos pour ]a s~lection des tactique -vision nocturne.
pilOtes rOSorvistes. Spie (us)
ENG EN4G
PARR W. 0. C-90-002622
8W-90-000267 Proceedings of trho SPIE (US)
Aviation, Space and Environmental Medicine (US)

Rapport annuel 1988 doe ]a soci~t6 Martin Marietta corporation.
ViSours et avionique Dour **nIh~icoptores** :renouvoler ou Martin Marietta corporation.1988 annual report.
modorniser. Rapport
Publi(cation en sinee Rapport Annuel; 45 p.; 8 Fig.; NO Tab].: NB Pnot.; OP. 1989
VOL 17; NO 177; PP. 47-50; 1 Prot :PP. 1989/09 Sociith spicialiste dlans la concepton. 'a fabrication et
RaPPel dOs 6quipements doe vision nocturne d-h§IiCoptires-- l'irtigration doe Systimes et do produits dlans les domaines do
divelOop*S aux Etats-lUnis A partir des ann~es 60 Prograimies l'eSpace. do la difense. de i'aioctronique. do 1a gestlon de
actuelS PerSpoctives.Projets do moderniSat ion doe PUS Army. des l'information. do li6nergie et des matiniaux.En astronautriques
armies fran;;aises. britannique. soviibtilue- Programmie international Titan 34 0. Titan IV, vibhiculo do lancoment avanCis , Titan Dour
TONAL.Doux oncaodrs.Le 0065 revu par BAE. loS systemos moouiaires lancoments coooierciaux. spationef do cartographiec do Vinus. sondes

do0 FERRANTI. spatiale. systeme robotique d'asSeebiage do la station spatiale
POE aminicaine. satellites avec amarres spatiales, missiles

RICHAROSON D. PaCekoeper. petits ICBM. systesm do defense Stratigique. espace

C-90-FO1219 habitLS : tudo do 1a navetto cargo. Electronique et missile.Syst~.me
Avianews Inter-national (BE) dlinformation.Mati~riaux.Systimes ldinergie.

Martin Marietta Corporation (US)
ENG

La Perception do I& profondeur aprds port prolongiS do jumel 105 do 1>90-002073
fluit.
Depth Perception after prolonged usage of night vision goggles.
Publication en srine Mc Donnell trouve la solution aux proolemes du Hornet d'attaque de
VOL 60; NO 6; P1P. 573-579; lS Ref.; 4 Fig.; 2 Tabi.; OP. 1989/06 nuit.

LO Port prolong6 des juiholl 05 st A l'origine doe perturbations doe MC Ponnel 'inds cure for right-attack Hornet problem.
la vision do la profondeur en particulier cnoz los pilotes Publication on s4§rie

d -*IuICOptdre.*.S~umiS A des tests do contr6le pour virifior VOL 4190; NO 136; p). 20; OP. 1989/11/14
cette hypotndse on a pu montrer quo ces perturbations avaient pour Mac Donnell Douglas a trouvq§ ia modification do logiciel qui va

origine Cois modlificationS de l'accowmiodat ion et tie ia vision porniettre do suppnimer los ph~noffinos do diesaccord entre los

latibrale dont los causes sont discutdes. images dlu systime cle navigation FLIR affichdes Sur I 'cran t Ste

tWO haute et cellos du monde reel percues par 10 pilote 6qulip tie

SHEENY J B. . WILKINSON 0. lunettes doe vision nocturne NVG. A tPord do son nouveau chasseur

80-90-000217 d'attaoue do nutt F-18 P Hornet du Marine Corps.Anaiyse ditailloe
Aviation, Space, and Environmental Medicine (US) des difaillancos constaties et des rem~des apportis.

ENG
BAILEY J.

LO marine corps recoit des F-lB en dipit des difaillancoS pour C-90-001852
I altaque do null Flight international (GB)

US marines get P-1B despite night-attack hich.
Publication en srine
VOL 136; NO 4187. p. 22 .OP 1989/10/21 Sikorsky propose la modernisat ion des Black Hawk doe larmie de

L US Marine Corps. dvi ro~oit Ie molts dornier son premier chtasseur terre australienne.

d'attaclue do mutt AV-8B HARRIERT 11. ret;Olt son premier F-18D Sikorsky plans Changes for australian army Black Hawks.

di attague do nuit. avec 7 mois doe retard et en dipit du fail clue Publication en seine
demeure pour I instant insoluble 10 dilfaut do concordance VOL 4190; NO 136; p. 17; PP. 1989/11/14

d'enr -Strement ontre l0 SyStime FLIR et los luhettes de vision A la suite des exercices coprationnels Kangaroo 89. Sikorsky

nocturne NVG do I louicage. difaut do 7 milliradianSAnaiyse des propose avis forces terrestres australiennes los modifications

solutions envisagios sulvantet des 39 "hilicoptiresn S-70A-9 Black Hawk:
tWO enregistrement des donnios do vol et des conversations du cokpit.

MOXON l a compatibllilti des lunettes do vision nocturne NVG. la

C-90-003286 motiernisation dot tystinies do navigation et do comnmunication et dv
FLIGHT INTERNATIONAL (G81 motour. ditaillieS clans Iarticle.

ENG
NORRIS G.
C-90-00 1383

Vision nocturne. Flight I nternational (GB)
Night vision
WeMIire Congris
VOL 1116, PP. 161-210: Nbc Ref.. 27 Pig.; 4 Tabi. O P 1989 Procrisin Premier vol. retardi juslu'ici. doe 15-7 plus.
Prieoiction ties performances doe vision nocturne par un oddule At A-7 plus nears delayed firtS flignt.
constraste simple Coomptabiiitti do0 liclairago du cockpit et des Publication en s~ine
systtimos do vision nocturne A intensification d'imago : uest ions VOL 136; NO 4/82; P. 18; 1 Phot. ; DP. 1989/09/16
et thoonses LOS lenlilleS Pothalmiquet do polycarbohato et 105 La firme LTV a un contrat do 133,6 millions do dollars pour l0
lune~ttes do vision nocturne doans I-aviation- doe larmi deom Programme d'eSsaiS en vol de doeu chasseurs modernisis A-7 plus. A
terre amiricaine Rtiponse dynamiquo d ul' tystime do visualItat on moteur Pratt et Whitney P100 et avioniqve do vision
dlectro-ooticlue Restoration ties Images digradioes par le noCturne.Retardis do six molts Pour diverses raisons non-techniques.
diPlacement dans les vitualisat ionS #Ilctro-oottques. 10 premier vol aura lieu fin Octo~re.

E NG ENG
DECKLER 0. M._ RASH C E . CROSLEY J K , AWAL A A. S . CHERRI A MOX0N J.

K, C-90-000703
80-90-000140 igtItraonl(O
Proceedings of tme SPIt I lgh ntratoal(B

Les gitants allemands (*-Hilicoptires-i.

SyStimes tart clues do --vision- doe *rult- adapt#t au systime German giants
Falcon Eye Publiicat ion en srine
rAC night vision requirements tailored to Falcon Eve system. VOL 8; NO 3; pp. 8 -10. 12-13; Nb. PhoI. OPP. 1989/06

Publ icat ion en srine Manoeuvre du 25e rigiment nil ioorti do Ilarmi~e doe terre
VOL 126. N0 10; op 20. 22; I Prot.; PP 1989/05 oOwst-al lemande.Evolut Ion dot -hillcopteresl* CH-53G Support
Rapipel des sooicficat ions recnerchioes par I'US Air Force pour 10 lgist loue Mopilit6 Ooirat IOns en vision nocturne.
tysttime tact iue do -- vision-- do -mulut- destirli A I appul ENG
airien -approch# et A ia reconnaissance airiernn Perspectivet do MOYLE J.
dIveloopeesent do Ia version A-lB CAS Close Air Support do C-89-015644
I -avion- do combat F-lB en remplacemenht doe I A-10 AA Jefence Helicopter World (GB)

ROPELEOSXI R. R
90-90-000114 Phase 2 pour I Apache.
Armed Forces journal International (US) Phase 2 for Apache
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Publication en s~rie Pilysiologie du val de nuit.Oeux types de lunettes sontt
VOL 20; NO 5; p. 369; PP. 1989/05 actueliement en service :I 'AN/PVS-5 de la deuxiteie g~ndrat iOn et
Etat d'avancement du prograimme de )'US Navy MSIP - Multi Stage I1AN/AVS-6 de la trolsidme aux performances am~iior~es Ir~ponse
IMprovement Prograimme pour Ci6velopper los capacitOs air-air de SPeCtrale comriSe eiitre 550 et 950 namometres, acuitA visueile
i'**n~iicoptore'' AH-64 Apacne.Essais et adaptation pr~vue au sup~rieure, Performances constantes sur une dur~e de vie
missile Stinger. Sup~rioure A 7.500 houres puis d~scrolssance nette et rapide
R~dct lion Revue ensuite).
END ENG
C-89-015044 NOROWALL B. P.
Defence (GO) C-89-01 1540

Aviation Week and Space Technoiogy (US)

La Jordanie rialise trois productions militaires coimmunes avec les
Etats Unis. ia Grande Bretagne et ia France. DLetails sur le programme Do rrodernIsation du Tornado do 1'army.e Do
Jordan final izes tnree joint ventures miiitary Aithi USA, UK and ]air brltailnique parvenu au milieu do son Cycle doe vie.
France. RAP Tornado mid-iife update detailed.
Publ icat ion en sorie Publication en s~rne
VOL I1I; NO0 29; OPp 1. 2; PP. 1989/07/l1i VOL 135; NO 4159; Pp. 10-11; 4 Phot. ; OP. 1989/04/08
La Jordanie. qui continue A construire sa propre industrie Commentaires Sur 1e programme adaptA par la Royal Air Force en
d'armoments. va realiser des product ions commsunes avec leA liaison avec Panavia et le Namola do l'DTANbD~tails sur les
Etats-Unis (assemblage d"'neiicoptdres- l~gers Skly Night Model I 6uipements de --vision- do "-nuit-* et do navigation formant le
330, en cooperation avec )a firme amiricaine Scnweltzeri. la Coeur du prograimme FLIR/NVD et TRN.BSeolns do l'arm~e de l'air
France (construction d'un centre rd~gional pour l'entretien et la britannique.
comiierctalisat ion des AOuipements Do vision nocturne SOPLEM) et la END
Grande Bretagne iproduct ion en Jordanie dedOuipenionts do vision GAINES M.
nocturne. Dont des sySt~mes Infrarougesi. C-89-01 1518
Redaction revue Flighit International (GBl
END
C-89-015021
International Defense Intelligence (USi Le Vol do null en --h~licoptere"" A tude ergonomique pr~alable

Caris 10 cadre de Ia mise au point Des syst~mes do --vision-- Do
"-flu it...

Stockage. maflipulat 105. 01 mi~e A disposition des batteries au Th~se
lithi um. Momoire Do PEA dlErgonomie; 104 p.; 122 Ref.; nOmbr. Fig.; quelO.
Storage, nandling and disposal of lithium batteries. TAPI.; noMbr. Phiot.; OP. 1988/06
Norme un rappel Sur la technologie do l""h~licoptere-, la pmysiologie
Defence standard; i5P; PP. 1989/03/20 de la vision et loS syst~mes do **vision-- do -*nuit-- introduit
Les batteries au lithium s051 dlevenues indisperIsables dans doe l'aprocrie ergonomique Pu pilotage d-6eiicoptbre"- do
nompreux Aguipements : mmoires do calCulateur. appareils De null L'analyse de l'activitA, du piloto precise les strategies

".vision.. do ",nuitl*. systomes de coimmunicat ions portat ifs. d~velopp~es Dour la gest ion du processus rapidO e1 compiexe duO
cameras, plateformes inertielioS d'--avion-. Aguipements constitue 10 pilotage d'*helicopt~re-*.L'exPloration des
A§lectro-modicauA.II Y a uno large vari~tA do bac ou do ceiluies redondanceS utiiis~es par le phloto devralt perniettre de mieus
cnimioues do toutes formes ou dimensions.Aussi 11 convient do connaitre los bosoins en information. facilitant ainsl l0
Dresenter dos Procedures strictos do StoCkago. do manipulation et daiveloppement des SyStemes de --vision*- do *fluit-*.
de miso A disposition Ou au rebut, do ce typo do Conservatoire National des Arts et Mo~tiers. Paris (FR)
batterie Caracteristiclues des batteries au lithium.Lieux do FRE
d~pot-conditions strictes pour le transport par air, route. ou par MONIEZ j. L.
mer.Conditions strictes a utilisat ion Protectionls d'urgerice en cas C-89-F02937
Ol incendie et soins au Personnel
Ministry of Defence

ENG ~L'*aviation** tactique amoricaine entre dans une Asre nouvelle.
C-89-11955US tactical air Dower moving into a re.. era.

Publication en sj~ne
NO 1; pp. 66-70; 1 Fig.; 5 Pirot.; PP. 1989/01

Ferranti remporte lo coiltrat do production du SyStdme NVG Pour 105 Revue des syst~mes et Agquipements en dC-veloppement aux Etats Unis

"eavions-: PritannicuS. A ai le flee. ayant pour objet d'am~liorer los capacitq~s Op~rationnelies do suit
Prranti n15 Uk fleed- Ing NVG contract. do I-aviation- tactique US.Perspectives pour la fin des annieos

Publication en serbe 90.
VOL 34; Nd 2; p 86; PP. 1989/04 END
Indications Sur 10 contrat attribuO par ]a P4§fense britannique A RDPELEWSKI R. R.
Ferranti Defence Systems pour Ia PrOdluction d'un appareil do C-89-010482

";Iyison*- do *"nuit** destlIrA aux *"avions"" Harrier. Jaguar. Armed Forces International (US)
rornadoi do l'armee do I air britannique.
Rildact ion Revue
END Amnelioration A court tonme Plu AV-BB Harrier 2.
C-89-01 1793 Near term enhancements of tne av-8B harrier II.
"NATOS' Sixteen Nations iNL) M06moire congri~s

VDL P. 203; ND 872321; pp. 195-200; 1 Ref.: 9 Fig.; 3 Phot. ; PP.
1988/02

"MIse en cause de 'usage d0s lunettes do vision nocturne pendant Historique au daveloppement coesnun iGrande Bretagne. USA) des
I enlra IneMent --avions5- Harrier et description des principales amn~librat ions
Use of nignt vision goggles in training faces criticism, decant contribuer a Il~votution pereanente du Harrier 2 (AV-88)
Publicat ion en s~rne notamreent pour repondre au. bosomns d'op~rat ionS amphibles dos
VOL. 4; ND 20: PP. 14-15; PP 1989/05/15 forces d'interventlon do l'US marine Corps et aux exigences du
Beaucoup do crititques s eaprinent contre l'utlisation A MarchA§ internatiosal.Ces ameliorations concernent : le systeme do
l'entrainement en tembs de pal. des lunettes do vis~e nocturne coimlande num~rique du motour. 'a capacitA§ dintervention do
AN/PVS-5. inSuffisantes Dour 10 vol do nult en rasomottosli1 faut nuit;lO d~veloppoment du moteur F402-RR version 408 et do divers
les remplacer rapidement par los nouvellos lunettes ANVIS-6 dlont autros dispoSitifs icontromesures. Charges externes.
I article analyse les SPescificatlons. 10 fonctionnomont et 105 antibroulllage, transmissions num~riques et par satellite. sySt~mo
Performances airsi duo les futures lunlettes do 3Ame g~n~rat ion. DPSI.
poemettant l0 vOl A Ia lumiLbre des Aloiles par tombs couvort. END
END MATHEWS R. H
hM3RRING F. C-89-010460
SM-89-000558
DefenSe Noews (US)

Arm~te do terre 90 pour cent des accidents (d' "hklicoqtq~res~li
surviondralent en condition de nulls sans lunO.

be nouveiles lunettes am~llorent la $*vision*- de "*nuit* Sanis Army :90 per cent of night goggle accidents saio to occur on
Agaler cello du jour.) moonless nights.
NO,. goggles improve night vision but dO not match daylight Publication en s~rne
conditions. NO 4: p 3; OPp 1989/04/21
Pupbicat-on en s~rne Solon ;"Orange County Register" Sur Ilutilisation des lunettes doe
VOL. 130. NO 15. pp 86-87. 1 Fig.. DPP. 1989/04/10 vision nocturne iNVGi et sur To taus d'accident
En dapit d amlilorations do ieur flabilit4 et de oeurs d *"hf§licopt6res-". )a probalitA dlincident 051 forte Si deux
pemfo.rmahces. les lunettes dO -- vision** do -nuit"" inotamment conditions naturelles no sost pas reMplielO : lurie visible A
pour p1 lots ("PI*111C00lores- Aii-641 posent encore des probl~mes au-momns 23 Dour cent et situACe A au-momns 30 degr~s au dlessus de
4chamo visuel imlmt,6 accomoaation difficile aux modifications des IhoriZon.
conditions lumineusesi Les disparit~s entre los interpr~tat ions END
des Scones nocturnes par l'oeil numain et par los lunettes do C-89-010423
vision ifflosont un approfondissoment des recherches sun la Avionics Report (US)
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CapteurS imageurs et PourSuite en traitement d'image Dour le PAH2. TEMUE L_ A.; RICKS E. L.
Image generating sensors and image processing tracker for the PAH2. BM-89-000486
Puol icat ion en s6rle
VOL 13; NO 5; pp). 122-125; 5 Fig.; 1 Tabi.; 1 Phot.; OP. 1989
Capteurs Imageurs (CamrAras de tibl~vlsion. cam~ras infrarouges, SySteme de pilotage Ge nuit ALAT avec jumelles CN2H.
intensificateurs pour bas niveaux lumineux etc-.) Pour Publication en s~rle
l-h~ilcoot~re-e de combat PAH-2/HAC et bguipement de traltement NO 81; p. 31; 1 Pnot.; OP. 1989/02
dle li mage pour le Suivi des cibles. le guidage des missiles et la L-Aviat ion-- LL~gtre de IlArmrhe de Terre (ALAT) fran~aise a
mesure de )angle de roul IS. ddvelopp4b un sySt~me qui rend compatible un tableau de bard
ENG d--nellcoptdre-* avec let jumelles CN2H de SOPELEM. de telle
COY D. Soirte qu'on peut voir slmultan~ment l'ext~rieur d~un a~ronef A,
C-89-009845 traverS des jumelles, et Ilint~rleur de l'appareil directement at
Military technology (DE) l'oell nu.
Rapports so~claux :vol G~e null. FRE
Special reports :nighit flying, SAINT SETtERS M.
Publicat ion en s~rle BM-89-FOO129
VOL 23; NO 3; PP. 42-46.48-50; 2 Fig.; 7 Phot.; OP. 1988/02 D~fense et Armement. HL~raclds International (FR)
Ensemble de deux articles concernant: a) l'efficatitd de
l'association jumelles -vision- *luit-- et viSual'tatlon tdte
haute: rapport d'un pilote tur des essals de volt Ge nult aveC Ou Voir 1'Invisible.
sans vlsualltat Ion tdte haute au Cours d'un voyage de Virginie en Signt unseen.
Arizona en camlonnettes et en --M0Ilcopt,6res--. Cescription des Publication en s~rne
differents OquipementS b) Presentation du syst~me PAVE LOW III qui VOL 135; NO 4151; PP. 34-35; 5 Fig.; 1 Pilot.; OP. 1989/02/li
utililse un radar int~gre FLIR. un syst~me de caries 6l6ctroniques Le RAE (Royal **Aerosbace** Establisment) d0veloppe un nouveau
ainti que des Jumelles de **vision** Ge oonuit**.Ce syst~me bquipe prograimme de rechercne pour iAtudier de nouvel les technologies qui
en particuller let **h6lIcopt~res-- affectes A des missions permettront de maitriser les limitations des capteurs de
special es. Cision; dle -*nuilt' afin damrlltorer Ia pr~cislon det miSsies
ENG a*ir air. pose concer nant lecs solutIons, analyse des cibies.Le RAE
GREEN Dý eaploite un BAC Harrier T.4 appelO "l'Oiteau de null" (The night
C-89-009829 Bird) pour Otudier let tyst4mes de *-vision-- de *-nuit** Combin~s
Rotor and iwing International 1(US1 avec Ie FLIR (Forward-Looking Infrared) et le jumel let de

-vision- de **nuit~.*
ENG

Les probl~mes poses Par 1'envlfennement visuel futur. BEECH E.
Future visual environment and concerns. C-89-006392
Publication en S~rie Flight International (GB)
NO LS5156. 0p. 9.1-9,14; 13 Ref ; 9 Fig.; Ro~tum0 fran~ais du
CERMA; OP. 1988/04
La n~cessitd de volt op~ratlonnelS de null et let performances des Equlpement des AH-IS japonais avec: le SySteme de vision nocturne
nouveaux -avlons- de combat rendent n~cessaire ]'associat ion de NEC.
visuallSatlOn t~te haute. Ge visuel dle casque et de iIoyens dle AH-JS to be equipped with NEC's night Vision system.
suppleance Dour la vision nocturne-Ces tyst~met doivent par Publication en sbrne
alilleurS assurer vule bonne protection contre les flashes NO 886; pp. 1-2; OP. 1988/10/03
nucldairet et laser Le tout dolt Otre compatible avec un faible L'Agence japonaise de D~sfense a colmmanc6 l'installat ion Sur ses
polds ce qui Pose des propl~mes teCn~nologlgues. *iidllcoptdres-- AH-IS anti chars des Forces Terrestres d'un
ENG SySt~ime de vis~e nocturne mis au point par la firme am~ricaine
AGNEESSENS P. NEC.Portatif. adapt6 au casgue du pilote. le syst~le Codte 3.5
BM-89-0005 16 millions Ge yen's plýýce.
AGARD Lecture Series (G81 R60act ion revue

ENG
C-89-005704

CompatlbillitA Ge 1 clairage cabine avec: le port des lunettes Ge Aerospace Japan-Weekly (JF)
vision nocturne.
Night lighting and night vision goggle compatibility.
Publication en sibne La GRANDE-BRETAGNE am~l lore sa couverture reconnaissance-sauvetage.
NO LS'156; Pp. 7.1-7.16; 9 Ref.; 19 Fig.; R~sumd franCaiS du UK Improves sar coverage.
CERMA. PP. 1988/04 Publication en s4§ne
Let lunettes Ge vision nocturne sont renduet necessaires par VOL 134; NO 4141; P. 12; 4 Fig.; OP. 1988/11/26
'augmentation des volt de nuit Eiles ampliflent IA rayonnement Fin 1989. les -hWiCopteres-~ Ge recherche et Ge sauvetage Ge la

Cans le Proche Infra-rouge permettant au pilote Ge percevoir son GRANDE-BRETAGNE seront capables Ge jour dJatteindrA en une heure
envlronnement.Mais Ie spectre des Ocalarages Ge cockpit usuels tout point situL6 A 75 km des c6tes et, Ge null, en Geux heureS. i
contient unC fraction notable Canst Iinfra-rouge duil entrave Ia 190 km.CArtet det couvertures jour/nuit en 1985 At 1989 et
perception des Al14ments ext~rieurs.Un 0clairage du Cockpit Ge type description des --ht-licopt~res- mis en oeuvre par l'Arm~e dle
(blectrolumineSCent est par contre entiLsrement filtrAs Dar les terre. la marine et l'ArmAC Ge l'air.
lunettes ne Cr~ant aucun Parasite. ENG
ENO BEECH E.

PINKUS A. R. OM-89-000333
OM-89-000490 FLIGHT INTERNATIONAL (GB)
AGARD Lecture Series (GO)

Systibmes Ge vision nocturne emoarqu~s.
Les capteurs pour les -hil~copt~breS- Ge l'an 2000 Publication en so~ne
Vitionict and Sersorics for the helicopter missions In the year VOL 16; NO 10: pp. 41-45; nombr. PhOt. ; OP. 1988/10
2000 Revue des programmees Ge d~veloppement et des systdmes occidentaux
Publicat ion en s~rle en service pour **avions** et **h4Iicopt~res** intensificateurs
VOL 13. NO 5; pp. 40-48, 12 Ref.. 12 Fig.; I Tab' . PP 1989 Ge lumi,6re et imageries thermldues.Perspectives Ge l'Ovolution
Les nombreuv systimes Ge vision assist~e Permettant aux technalogiqve.Firlmes.
-helicoptoret. Ge voler aussi pien Ge hult OluC Ge Jour et FRE
Guel Cues Soler tI es Condit Ions Ge tempt et Ge v is IbilIto PRINCE W.
F NO BM-89-FOO089
B0HM H 0 International Avianews (BE)
C -89-009279
Military tecmnology joEl

Simulation future Ge vol.Un point Ge Vue militaire.
Future flight simulation.A military view.

Evaluat ion Ge I accommodation des pliotes Ge combat Ge Ia Marine MWmoire Congr~s
americaine jars IC noir VIOL 1; op. 9-21; 3 Fig.; OP. 1987
The accommodative status in the dark of US Navy fighter Pilots Un1 retour nistorique sur les simulations militaires en
Rapport Grande-Bretagne est pri~vement prdsentt.On considilre ensuite let
Rapport intermediaire. 28 p . 32 Ref . 8 Fig . 2 Tab' : OP 1987/03 aspects Gle la teChnologie disponible pour let exigences militaires
Laccommodat ion vSuelle Cans ie heIr Ge 172 pllotes a 414 mesur~e du futur.Des conclusion tent tir~es des aspects Ge Simulation dvi
et comoar~se aux scores opteruS lorA d atterrissages Ge nult et Sent susceptibIles Ge permettre yr entrainement militaire
G enirainenent au Combat Ge rultPtucune correlation Significative rentable.Avec la permanente am~liiratlon Get simulateurs. depuit
n a Du A~tre G~gag~e Oars uhe deuxlOme 6Tuae. let mesuret Ge la deusi~me guerre lMbndiale avec le Link Trainer. 11 eSt possible

?accommodatIon noctur-e Get il~oles ort 414 comoar6es a celles aujourpjhui Ge simuier une mission compl~ste Incluant Ges scenarios
d1 j.r, chantlilon d 6tudiartS Les aviateurs tOrt tignlficatlvemert tactiques et Get situations conflictuelles.Pevant le chole
..oirS myopet due let Aludiaits. cR Gui peut s expliduer par Important des syst~mes. l'efflcaclt4 Ge l'entraiferwent A un codt
I entrainemert et 'a select ion. imindre va Atre un critere Ge tOlectlon.La simulation Gie Vol A

Naval Aerospace Medical Research LaporaTory. Pensacola 11151 baste altitude demande uhe simulation r4aiiste du terrain:
ENG (perspectives et dp~filement du paysage2.Les syst~mes devralent
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posS~der des simulations Oe Coimbat aarien. un Ch~amp do vision leI coureur.D'utres factours strossants sont la cihaieur, los
Plus large possible. un 6quipmemnt FLIR (Forward Looking vibrations, le bruit, et les agrosslions nuci~aires. biologigues et
Infra-Rod). des lunettes pour la **vision** de o nfuit*. un NBC en CliMigueS.Dn examine cos diffdronts facteurs ot on 6tudle iQueldues
kit. un soolblant di'quipago. des r~clts dataillis de mission. un moyens d'en dliminuer I importance au niveau do Ia conception des
pilotage manuel fld~le.LlinSertlon du mouvement eel importante interfaces pilote/machlnes d'alde au piloto (dlsposltlfs
(plateformos an mouvement. silio et cowmolnalsons anti-g. ).. d'afflchage par exemple).
Royal aeronautical Society (G8) Agard (fr)
ENG ENG
STRACHAN 1. W. READER D. C.
C-89-003949 C-89-001707

AGARD conference proceedings (FR)

Progrqbs r~cents concernant l05 aides au pilote clans I habitacle
d'un aaroi'ef milltaire en operations. Nouveau drone israalien.
Congrds Israel aircraft industry unveils its newest remotely dicoted
107 P.; nor Ref.; nor Fig.; nor Tabl. ;nor Pilot.; 9 MWmoires; PP. veniculo.
1987 Publication en sanie
Los memoires do ce symposium (plusteurs sont slgnal~s VOL 10; NO 40; P. 2; OP. 1987/10/03
indlivldjuellement par allleurs) traitelit doe la sophistication des La firme isra~lienne tAt teste un nouveau drone appel6 'Impact'.
tacnes domanda~es aus pilotes d-avionS- doe Chasse, notarmment d'une autonomle de 12 lioures. Pasant 500 kg et pouvant emporter 75
monoplaces. et des systames d4velopp4s pour optimiser les kg dont une camara do tala6vision A vision nocturne. 151 met aussl
relations liomlme-macfline.ces syst~mws (lndiff~remesmnt dasignds au point une station terrestro mobile doe campagne permettant de
aide A la gest ion de Ia mission, alde A la o~cision tactique. contr~ler I' "Impact".
associil du pilote. cool lote electronique) font largement appel A Rddact ion revue
l'automatisation et. die Plus en plus. A l'intelligence ENG
artlflclelle pour assurer lours fonctions dont los trols C-89-001671
principalos sont :Ia fusion des donn~es. l'Lsvaluatlon do ]a international Defense Intelligence (US)
situation 0t Ia proposition d'options.
Ras (fgpl
ENG Tol~rance aux acc~l~sratlons de certaines jumelles dOl nuit
C-89-003574 ý.nalyse do moddle.

Acceleration loading tolerance Of selected night vision gogg
systems :a model analysis.

Matnodiologie doe la concept ion dlun nabitaclo d'aironof dO combaOt A Mdmolre Congr~s
ailo fixe en vue do l'utlllsatlon do lunettes 00 -*vison-- de VOL 24; pp. 10-14: 6 Ref-; 7 Fig. ; Rasumd& francais du CtRUA; DP.
rInuit"~. 1987

A Cockpit design metnodology for tne introduction of night vision L'utilisatlon des jumelles doe null INVG) augnente
goggles in fixed wing combat aircraft. sIgnificatlvoment le poids supporti§ par l0 cou du pilote surlout
Mdmolro Congros lors doe fortes accdlL~ratlions. Ceci a 61:6 verifie5 grace A la mlse au
PppI.1I 17; 4 Fig.; OP. 1987 point do mod~les matli~matiques et dynamiques du corps permettant
En mat i~re d introduction doe unette do -- vision-- de *-nuit- dl'ttudler la tol~rance homS~Ostatlque e1 la toi~srance aux
pour ce type dlappareils. 105 opinions des utillsateurS e-. des acc~l~rations pendant l'4§joctlon.Appllcation do ces r~sultats sux
facricants peuvent dliverger.Ce dilemne inst examins dans 10 Present -avionss* futurs.
article dui Otudle 105 probl~mes Doses et propose une approcne ENG
concoptuelie assist~e oar ordinateur do la coelpati~llitS6 do OARRAH M. I.; SEAVERS C. R.; WANG A. JI.; PEW P. W.
I nabllacle et des lunettes do --vision-, doe nuit-.Le processus BM-89-000064
de concept ion d~crit eSt en cours d'appllcat Ion par la socI~t4
"dans le cadre d'un contrat concernant 105 Jaguar en service dlans
I'arm(§ode lrair pritannique. Aptitude mSclicale au pilotage des **hI§licoptbres"-.

ENG Publication en ser'ie
MARTIN it W VOL 27; NO 105; pp. 6-8; 16 Ref.; OP. 1988/IT

C-89-003550 Peux sp~cificil~s d'aPtitude Dour 10 vOl on -h~llcoptbre- oar
rapport aux *ayions**.D'une part 105 probl~mes racnidliens.
surtout dus A des factours posturaux et m~caniques;los inaptitudes

L'Oauipement NITE-00 doe FERRAiJTI ;des lunettes do vision nocturne s~n d'rr radiologique.DPsutre part une sollicitat ion visuelle

pour 'quipage d'a~ronef. particuli~re avec fr~quonce importante des voIS doe nuit Oul rend

FERRAUTI NITE-Of- Night vision goggles for aircrew, primordiaux los. contr~le du sons dlu relief, vision do ]a

M~moire Congros profondeur, vision binoculaire, et sensibilit6 au contraste colords

pp. 10.1-10.9; 2 Fig.; 3 Pnot. ; OP. 1987 (pour utilisationl des jumelles de vision nocturne).

Pans un *IhL~lIcoptere'-. des lunettes de vision nocture doiveill FRE

dire mont~es sur casque, af In doe laisser libres los doux malns du AUFFRET R.

01 1010, et incorporer doux canaux de visualisat ion. af in do SM-89-FOO024

fournir uflo vision Dioculalre do la sc~no opservee.Leb lunettes M~decine A~sronautique et SpatialE (FR)

NITE-OP poss~dont ces dleux caract~ristiques et sont sp~clalemont
conovues pour r6Dondre aus Desoins brllanniques en nlatld~re de Capteur infrarouge OvouluR6 standardlsSi Stat du programmsle.
s~curltLY en vol A passe alt itude, aux vilOsseS normalos. A faible Standardized advanced infrared sensor a program status.
nlveau lumInoux ou do null. Memoire Congrds
ENG VOL 88; 5 P.; 2 Tab]-; OPP. 1988
BLACKIE I Ce capteur est un prototype do faisabilitL& pour un imageur
C-89-002805 thermique de secondoe g~nt-ration.On pr~sente los otjectlfs du

prograimie dle d~veloppement en cours qui tonE d'obtenir 105 bases

M6molros du symposium sur ltasusdvoetlsdpsif tecllnologitques pour l0 syst~me d'acquisitlon do doble afin do
les asoes e vl etlesd~sosiifs minlmiser loS riSques lors do son incorporation au programme LHX

q~i es CQui~nt.ILight Helicopter Family).Les avantages pr~sent~s par ce type de

Congrescapteur ainsl due oeur configuration. sont a~crits.Enfin. on
143 p)., nor Ref.., nor Fig.. nor rabi.; nor Pnot.; I5 m~inoires; PP. 6voiiue les essais auxduels uls soront Soufils.
1987 ENG
Les m~molres de co symposium ipluslours Sont signaI,6s HOWARD C. G.; VAN DERLASKE 0.
indlv 'duet lement oar ailleursi traitent do divers aspects des C-89-OOD654
fond ions primaires dlevant Lstro assur~bes par los casques dOe vol. American Helicopter Society National Forum Proceedings (US)
nolanmeont )a Protect ion Ichoc. 4iection. collision avoc un oiseau.
crash. Obloulssement tolairo. aide A la surviel et les
transmissions. etldes diff~rents ditoositifs SuSceplibles d'efire Simulation d'avlonldue.
ajustes I lunettes de -- vision-- do --nult-. syst,§me doe vis~e. Avlonlc simulation.
SysSt4ie d affichage, protection contro I 6clair nucl,&aire. entr~e 1111moire Congr~s
escale direclo. co~mutaleurs A commando vocalo. Syst~me audio VOL 3; NO 89CH2595-5; Pp. 944-953; 5 Ref.; 6 Fig.; 2
lridimens'onnel. suppression active do bruit. reduction active do comlmunicat ions; OP. 1988
bruit, syoStime d alarme vocal, oculom~tre).On aborde 6galementle10 Analyse arcllitocturale par simulation d'un processour num~rioue
probithmes m~dicaux lOSs Sue caSgues doe vol. pour captourS multiples A archiltectlire modlulaire. ressourdes
Ras 1901 partag~es 01 syst~me d'eeploltation dlstrlpuSlLa simulation de la
ENG visual isal Ion dans le simulateur do mission dP combat do
C-89-002346 I -nSlicoot~re- AH-64;simulatioi' des syst~mes do visualisation

do -viilon** doe *nuit** IPNVS). d'acqulsil Ion et O24signat ion do
cible (TAOS), des captours IR et TV des t~l~m~tres lasers. etc.

Les limileS humalnes on vol et dueldues rollides possibles. Ieee (us)
Hurlan I imitat ions In flight and some possible remedies. ENG
M#noire Congr~s C-89-000008
VOL CP 425; 00. 51-5 8; 1I1 Ref.. I Fig. ; PP. 1988
Les efFete do Dlodynamldue du vol a tr~s grande vilesse provoduent
fr~ouemmenlt une perle de conscience sans aucun signe avant Coesmande et visual isat Ion des Informations.



information control and display. Redaction Revue
M~moire Congr~s ENG
VOL 1; NO 88CH2S96S5; PP. 184-216; nombr. Ref.; nomor. Fig.; C-88-005779
nomoir. Tabi.; 5 commeunicat ions; OP. 1988 Flight International (GB)
Syst~me deelitement de collIision avec le sot pour- les aeronefs
tact iques volant A basse alt itude.Etuae de I'appi icat ion des
recepteurs Olectro-taCtiles cutanes pour la transmission de Casoue de ollote reliO au canon.
certaines informations au pilote 0'a~i-onefs de coinbat.Une approChe Helmet sight linked to gun.
doR la fusion des donn~es dans le Cockpit permettant de r'eduire le Publication en s~rie
volume et la Complexitdt du flot C'I nformat ions.Concept ion et mise VOL 133; NO 4096; n. 15; 1 Fig9.; 1 Phot. D P. 1988/01/ 16
en oeuvre dIun syst~me base sur 1 affichage graphidque interactif Ferranti a int~gr~s un casoue de pllote visualisation tote haute
pour la visualisation de la navigation et penetration en passe avec le systeme de Condulte de tir du canon sois tourelle Lucas
altitude furtives Par l'utilisat ion de renseignements Sur le **Aerospace-- mont4 sur **helicoptd~re- M88 80-105. les o~uvements
terrain A oartlr dle capteurs passifs (systeme PENETRATE). de la tdte du pilote commandant directement ceux de la tourelle.Le
Ieee (us) systeme pourrait s'adapter- au tir des missiles ou dtre couple aux
ENG capteurs de vision nocturne.
C-88-01598 1 Redaction revue

ENG
C-88-005307

L'entreprise Hadlano partlioie au concours de lunettes On vision Plight International (GB)
nocturne.
Hadland joins night goggle race.
Publication en s~rie Simulation dle la generation d'image multispectrale.
VOL 10: NO 4; p. 181 ; 2 Phot , OP. 1988/07/30 MuitiSPectral imaging simulation.
Le minist~re pritannidue de Ia defense a lancb un appel 0 offre Marnoire Congr~s
Dour des lunettes OR vision nocturne destinees aux piloteS VOL 781; pp. 42-49; 4 Ref.; 16 Pig.; OP. 1987
O3'*avlon** et aoaptees au probleme de e'jection en Etude OR mocteles de simulation mumiridue. destin~s A gdn~rer des
vo.L'entreprise Hadland lBoving~on-Hertfordsmirei d~velobpe ie images infrarouges. en vue d'6tualer 1'efficacite§ et la fiabilit6
syst~me 'Eagle eye' dui a la barticularlt6 daitre Porto pros des des radars infrarouges pour le pilotage des --avions5- de nult ou

r'eua consse des lunettes ordinaires et oar consequent ne nkcessite par mauvalses conditions met~torologiques.bi~termination des
pas d'etre largue avant Ojection.Il a egalement I'avantage dle oeu COeiposantes sp,6culaire et diffusive du rayonnement Solaire.
vlbrer dans les manoeuvres A forte acceleratlon.1a variante Tno International Society for Optical Engineering
am~r'lcaine. avec tutb,, A intensificateur Olimage, est en cours ENG

d'essal sur la base wright-Patterson ale IUS Air Force. LOEFER G. R.; LAO K. Q.
ENG C-88-005122
WALKER K. Proceedings of SPIE (US)
C-88-0 1446-.
Jane's bef"eice Weekly (GO)

06sveloppement. essai et evaluat ion. de lunettes dle -,vision-- de
**nuit-- compatibles avec I-*helicopt~re-' 80-105 pour IRs

Les progres Olu AV-88 relatifs A Ilattaque de null. oPsrat ions dle nuit A basse altitude.
AV-88 night attack advances. Development testing and evaluation of a night vision gaggle
Publication en sO. ie Compatible B0-105 for night low level operation.
VOL 129; NO 6; oP 34-37, 40; 2 Figý ; 1 Phot. ; OP. 1988/08/08 M~nioire Congr~s
bossier concerni t: le o~veloppement d'un prototypo nonoolace muni NO CP-423; pp. 21.1-21.8; 3 Fig.: 6 Priot.; OP. 1987/06
d'un clispositif .ie lunettes de *-.iilon-- de -nuit-- associe A un bescription de Ia sk-lection do lunentes de --vision- de *nuit*'
ensemble Infrarouge Dalayage frontal (PUIRl. syst6me permettant mant(§eS Sur le casque ou iliote et be leOClairage doR la cabine
IRS attadues OR nuit;l'adoption OR ce systdme dvattaque de nuit compatible avec ces lunette$.PrL'5entation des Rexp(rimentatiOnS
pour le Marine Corps AV-88 et le Navy Marine Corps F/a-18C/b;le ivols de null a Passe altitude I et des opinions des pilotes Sur
(16veloppement d'une installation Dour l'entralnement des Pilotes A Ins materiels testes (aN/aVS-6 ;8M8043 ;Cyclops ;aN/PV5-5 ;Cats
Ilutilisation des 4quipeeniets de **vision** de **nuit.. Eyes) Sur un *h,6Iicoptdre** BO-105 specialement ~Ouipoe (syst~me
ENG ORe navigation boppler avec lecteur de carte. TI.CAN. dispositif
GREELEY 8. M. :1 enregistrement OR dlonn6Rs, syst~me triaxial d'augmentation ORe
C-88-013371 Stabilllt4).Les rdsultats d~montrent la faisabilite du concept un
Aviation Week and Space lechnology (US) 6Qulpement complet s~lectionnL% sera mont6 Sur la flotte des

Mh1lico~t~re** 80-105 avec I'aide du ConStructeur OR la cellule

Syst~mes d'armes Owns le monle.Revue 1988 des syst~mes terrestres ENG

(Jans IC monde. FRIEOERICY R. H.
Defence systems/ Internal tonal .1988 the International review of C-88-CO3709
land systems. Agard Conference Proceedings (FR)
Ouvrage
280 P, ; NB Pig. ; NB Tab). ; NO Phot ; OP. 1988
Principales rubrIdues : vinlcules de combat blind~s / Artilitorte Gestlon (des performances) des *holicopt~reS5-.
Armes de pr~clSlon / Armes d'appul d'Infanterie / Armes antichar / Helicopter iperformance) management.
**H4Iicopt~res- / RPV / Eduipements de sicurit4& int~rieure ' Congr~s
"Guerre des mines / V~hicules militaires / Transmissions du Champ NO CP-423; pp. 18.1-18.9: 2 Ref.; 15 Fig.; bP. 1987/06
de Datalille / Mat~riels de guerre NBC / Radars de surveillance et Examen des principaux aspects du syst~me OR gestlon
syst~mes 0 alerte / Simulateurs et aides A linstruction / Vision O'-h~licopt~re-n O6veloppo6 oar 1a socletA6 bornier en exololtant
nocturne / Materiels de d~molit ion. divers travaus ant~rieurs Oe dette soci~tt4 iactlvit~s do
ENG blanlfication au sol des missions a6riennes ;0tudes de cabihes OR
JARMAN R pilotage 6eOlu&eS ;essais OR -*vision-- OR *-nuit*- en
C-88-01 1133 VOI).Analyse des fonictions de base de ce syst~me dont )a

caractdristIque essentlelle est Ilutilisation d'une mime base de
donne~es do performances dans les pr~parat Ions au 501 et dans Ies

Fusion intelligente Ol'mages multicapteurs. excocutions en vol . donno~es destineses A A~tre Int~grbes Cans Ies
Knowledge-based multi-sensor Image fuslon. manuels Orutilisatlon OR I'ai~ronef.
Publication en si~ne ENG
VOL 12; NO 5: DO. 95-101; 8 Pig,; 1 Phot. DU.. 1988/05 BENNER W.; bUSSMAN R.
On indique urie technique Dour la genorat ion en temps reel d'une C-88-003708
imagc _,omoosAse A oartir OR capteurs multiples l infrarouces Dour ia .tgard Conference Proceedings (FRI
visloi en lumi~re faible. A ondes millim~trIoues en ca s de Pluto
et Ole Drouillardi.
ENG Crit~re dR manlabilitAS Dour vols op~rationnels C-*h4§licoptores--
REARIK T C. en sulvi OR sot avec tr~s faible vislbilitAs.
C-88-009807 Handling dualities criterion for very low visibility rotorcraft
Milita-y Technology (DEl NOE operations.

MWmoire Congr~s
NO CP-423. pp. 6. 1-6.15; 12 Ref.; 15 Fig.; DP. 1987/06

Roseau cle surveillance efficaces contre les trafics 0 armes de L Ovitement de collision ainsi que la ccimiande et 1w stabillsation
I Ira d'un -h~lIcoot~re-- en vol. A tr~s basse altitude isuivi de S011
Surveillance nets Ira arms haul oar conditions m~t~orologioues d~favorables (visibilitef

Publiatio on srie ratiquemer1t nuilln sont 4tudl~s (Jans le cadre de la revision
VOL 132. NO 4047; D 3. OP 1987/11/07 d une specification OR 1 'US Army ("Aeronautical Design Standard"
Les CESSN4A Titan et Caravane IT des douwnes francaises. 4ouib~s ADS 33).Les fabricants Soot invit~s A d~montrer due les enveloopes
d un radar Bendix ROR I5O et 0 un calculateur Gemini Crouzet de manoeuvre OR leurs projets 0' n~liCopto~res'$ ne sortent pas du
Dermettant Ia surveilllance de nul- ont jouA6 un r6ie d~cisif Oans champ visuel des aides A 'a vis~on et/ou des affictiages mis A la
l Interception ou cargo oanamden Eksund transportant I5O tonnes disposit ion des Ollotes.Laccent est mis Sur le d~veloppement d'un
d armement (lont des missiles so' air a destination de 1 armr~e OR crit~re Dour la commande OR vol et le cotlritle Oe stabllitAs en
la resistance 1nlanda'se. or~sence d une degradation des repdres visuels
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ENG *-avions** de combat.
HON R. H. International Society for Optical Engineering (US) SPIE
C-88-003691 ENG
AGARD Conference Proceedings (FR) C-88-001527

Proceedings SPIE (US)

Coewiande de 150 syStibmes LANTIRN par )'US Air Force,
LANTIRN award covers 150 pods. Systeme tactique de simulation pour les missions de combat du
Publication en s~rle AH-64.
VOL 155; NO 1S; P. 175. OP. 1987/12/01 AH-64 Combat Mission simulator tactical system.
L'US Air Force a commeanda A Martin Marietta pour 608 miillions de MWmoire Congrds
dollars 150 syst~meS dont 143 de navigation et 7 de conduite Ge NO CF 877; pp. 155-164; 2 Ref.; OP. 1987
tir.L'Ar Force prilvoit ia livraisonl d'id 1993 de 700 Syst~mes On dacrit tes composants de ce systeme. Qul constitue ie Coeur du
destines k i§Quiper les F-15 E et ies F-16 C/O. ies LANTIRN 4~tant slmuiateur de mission de combat.Sont pr~sentes successivement un
valabies la fluit et par mauvaise visibiiit:6. aper(cu g~ndrai du simuiateur qui compend 4 syst~mes de base
Redaction Revue (ai~ronef. navigation et coimmunication. tactique. instructeur:iie
ENG systdme de commande de tir;ie Syst~me de visionidue (vis~e et
C-88-003 167 affichage lntagr~s Cans le Casque du pilote, capteur Ce vision
Defense Daily (US) nocturne. syst~me d'acqulsition et de d~signat ion de cibles,

indiCateur/telmWtre laser. suiveur de tacne laseri:ie SyStdine
d'armes (canon et missiles. pr~cision du tiri;l'Oquipement Ge

Lk6ole de I-aviation- de I'arm~e ae terre. capacltd de survie et dlacquisition des menaces de
Publication en sdrie l'envIronnement;l'4§tat actuel et les am-Ollorations futures au
NO 10; pp. 56-60; 6 Pnot.; OP. 1987/10 simulateur.
Pr4sentation de l'Ecole de l'ALAT ouest-allemande.Organisation. ENG
missions. d~roulement de I'instruct ion.Aperi~u den besoins en DREW E.; GEORGE G.; KNIGHT S.
bquipements de --vision-- de --nuit*- et en systiames automat ists C-88-001398
G'aide au coeerandement. AIAA Publication CF (US)
GER
HANNESTEIN 0.
C -88-002487 NOuvelles des industries a~ronautiques et spatiales du Jpn
vWehrteChnIk (PE) Publication en s~rie

NO 9-10; 55 p. ; Nb. Fig. ; OP. 1987
Un nouveau traltement rend 'alillage d'aluminium sembiabie A Ensemble d'artilces entraits de diff~srents pdriodiques Japonais et
l'acier. coilcernant :la fus~e H-2;un syst~me de vision nocturne pour
New treatment makes aluminium' alloy like steel. I'armke;le projet de station spatiale de is NASDA;ie satellite de
Publication en S~rie tel~comeiunication CS-3;les experiences spatiaies;ie projet
VOL 8; NO 17; p. 1014; DP. 1987/10/31 d'**avion* de combat FSX;la navette HOPE;le syst~me EMSS de
Pr~sentation du procld~ de traitement T'IFRAM d~veloppi A lorigine coimmunication des mobiles par sateilite;un appareil dIobservation
aua Etats Unis et introduit en GB par la firme AT Ge la croissance cristalline en apesanteur;ia recherche en
Poeton.Applications militaires possipies :canon GATLING. cameras bloteclinologie;un AGAC/V de 50 places pour les lignes

Gie --vision-' Cie --nuit--. activateurs pour torplil~es. composants ragionales;une alimentation haute tension sans transformateur pour
d**-h6Iicoptares-- leS Satellites SCientifiques~un moteur fusee a~robie;les essais au
R6dact ion Revue so] d'un systame de cossnande tOut-OieCtronique des moteurs
ENO dn*avions** de combat ;un n*h~iicoptere** t(§l~guid4;le budget
C-88-001924 gouvernemental Pour les activit~s en 88;le d~veloppement des
Jane's Defence Weekly (0O) sCramjets;des cibles t&41guld~es pour l'exercice de tir Cie

mrSs5)es~un simu'lateur graphique pour visual iser des robots
spat laux.

Appel dGoffre britannique pour la capaCit~s de combat de nult du CDST-CNRS. Cellule Japon (JP)
Tornado. FRE
Brit inn seek nightima capacility for Tornado ground-attacks Jets. C-88-F03496
Publicat ion en s~rie Nouvelles des Industries aeronautiques et spaliales du Jajpon (FR)
VOL 2; NO 5; p. 23; 1 PhOt. ; DPP, 1981/11/09
La Grande Bretagne a fait appel d-offre A 3 firmes dont 1
amdricaine pour mettre au point un syst~me de vis4e nocturne Vinualisat ionS Sur casque pour forces a~riennes aguerries.

donnant au Tornado la capAcite d'identfifer et (ocalmser des Publication eni s~rle

objectifs ]a ruiut. d~rivt du Lantirn de Marlin Marietta Ou du NITE NO 8; PP. 828-830; 5 Fig.; OP. 1987/08
OWL de Ford 'u du Tiald a aser Ge Ferranti. Etude du cG~veloppement des programmnes dle nine au point et de

ENG production Ge coilimateurs Ge pilotage de Geux socilbt~s
LEOPOLD G. israiliennes.La socidt6 Elibit charg(§e Ge Ia r~alisat ion des 6crans

C-88-001746 couleurs et vonlochromes CU Lavi. conmnercialise le collimateur Ge
Defense New$ (US) vision nocturne pour *-helicoptere-* HALO et a mis au point le

sys5dme DASH (Display and night nelmet) pour l'armde Ge l'air
isra~lienne.L-a Societe& EL-OP est Gevenue en 1986 le principal

Conception des -*helicopt~reS"* appiiqu~e A (Curs operations. fournissetir Ge coilImateurs pour I-1,61icopt~re'- Ge combat AH-64.
Congrds FRE
NO CP-423; 332 p., nombr Ref.. nombr. Fig.; nomor Phot. . GILSON C.
anglais-franrais, PP. 1987/06 C-88-FOO0 19
C e s ymposium a pour obJet Ge passer en revue labtat actuel Ge ia Tnteravia Revue (CH)
conception deS vdliures tournantes et de mettre en exergue (Cs
priorit~s et IRs omissions 3 points so~cifiques (btaient au Centre L'a~ccommodat ion en milieu obscur mesulee chez len pilotes Ge
du propli~me traduct ion den exigences r,.quises en crit~reS cilasseurs A react (On Ge 1 Aeronavale am~ricaine.
conceptuein. 

4
valuation des techniques jour tenir compte den park focus measured in Nav/jlet tactital fighter pilots.

besoifns Ge I utilisateur au niveau Ge !a conception et des Publication en s~rle
m~thodes d essai. Identification dles domaines d'Ltude 00 CeS VOL 59; NO 2; ppý 138-141; 23 Ref ; 3 Fig.; 1 Tabi.: O P. 1988/02
besoins particullers le l'utilisaleur lemandent des On Otuaie I'itat Gle i'acconvmodation Gans tin milieu obscur.Chez CeS
caracý1int-:--s soP§csleS. piiotes 11 existe en g~n~ral une myopieCGe 0.25 P seulement.Ce
Agard, (fr-Ir nest en corr~lat'on ni avec la select ion ni avec 1 entrainement.
MUL ,,ais avec ie fail due ces pilotes ont lendance A accoemmoder
C-88-001713 correctement pour la vision des distances A i obscuritt.
Agard Conference Proceedirgs IFS1 ENG

TEME L A RICKS E.ý MOaRRIS A.
BM-88-0007 19

,.a reconnaissa--e automatique Ge cibieS Gans len SySt~meS Aviation. Space, and Environmentla Medicine (US)
infrarouges
Automatic target recognition in infrared systems
M~imoire Congr~s Promol (0 des venies aux forces arm~es Japonaises du systlasme
VOL 750, pp 176-242. NbO Ref.. Nb Fig . 14 commlunications, DPP. Hughes Ge vision nocturne.
'987 Hughes to foster night vision system sales to JA
Le groupe Ge 1-avail Isur I Automat ic Target Recogrnizer ( ATR, pour Publication en snerl
I US a-r r.eLa base Ge donn~e necessaire pour IATe Evailuation NO 868; pp. 3-4: OP. 1988/05/16
ces performances Ge I ATR Specificat ions Ge I'ATR Le desveloopement Hughes chercme A Dromouvoir son syst~me Ge vision nocturne
Gie I ATR en fonction des imperatifn Ge sL~curitAf du programmne infrarouge AN/AAO-16 pour -avion0. en le vendant ate Japonais Ce
Tempest pour Aviter IRS fuiteS Ge rennseignementS L intelligence syst~me est OeStinit initialement A des *h4Iicoptt~res** et
arlificieile Cans I ATR L ATR vut ira, A.' Force et par la AOumperait tou- len UH-60 J Ge sauvetage den forces a~riennes RI
marine L ATR poUr Ia --vision- Ge -nuilt L-en comoagnies tous (Cs SH-60 J Ge ltlte anti soun marine des forces navales.
particioant at d~veloppement lugnes. Northrop. Tenas LS~daction Revue
In.strumeints. Fo-G *-Aerosoace* L ATO pour 6quiper len futurs EN
**avIotrs* en missi- stralegique de reconnaissance et Ies SM-88-000660
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Aerospace Japan Weekly (JP) HAMMER P. L.
BM-88-000 159
SAFE Journal (US)

Livraison a Mc Donne'lI Douglas de 5 prototypes du syst~me TINS.
Hughes delivering five TINS prototypes to Mc Ponneli Douglas,
Publ icat ion en serie Les juhielles de -vision-s de *-nult-".
VOL 146; NO 38; P. 303: OP. I98A/05/24 Publicat ion en senie
S prototypes de l'AN/AAR-80 Thermal Imaging Navigation SET;Syst~me NO 167; P. 23; PP. 1987/03
TINS. dont le premier vient deitre testy sur le prototype Piplace L ut11iisat ionl des jumeliles de --vision"- on "null"- se d~veioppe
F/A-lB P d attaque nocturne vicninent d',;tre liires a Mc Ponnell clans les arm~es francaises.A la suite Caccidents survenus a des
Pougia~ssLa product ion en serie est pr~vue pour I ann6e -116licopteres-. I'on peut faire quelgues recommandAt ions: la
89.L'AAR-SO est derive du SySteme devisee Nocturne Hughes 5AA016 r6part it ion des tAcnies au sein de Il'equipage. une reconnaissance
instaile sur len -neiicopt~res- clv 1 arnee dve terre. attentive de l'envlronnement avant oe se poser, une appreciation
Redaction Revue correcte des mouvements. ulle attention byute particull~re ave
ENO r isques d'@plouissement et enfin une attent ion Ave modificat ions
BM-88-000512 des conditions de visibility.
Aerospace Daily iLSi FRE

MAURICE C.
BM-88-F00047

L'US Air Force commande den simulateurs cle LUNTIRN. Bulletin clv S6cvrite des Vols iFRi
AF exercises Product ion option for LANTIRN simulators.
Publicat ion en s&rie
VOL 146. NO 39. P. 311; OF. 1988/05/25 Len UoacrvS UAH-64A Constituent un melange de tecrnnologies
FaiSant jover une option. 1 US Air Force a commandO quatre d'eiectronidiue et de cellule.
nimulateurn de LANTIRN. LOW Altitude Navigation and Target ing AH-64U Upaches reorenent Olend of electronic, airframe
Infrared for Night destirns A den simulateurS de vol cle F-16.Pour tecnnologies.
19 millions de dollars avec opt ion pour 3 syst~mes suppidmentaires. Publicat ion en serie
Recdact ion Revue VOL 127; NO 3; Dp. 72-73. 75; 1 Fig.; 2 Prot. ; PP. 1987/07i20
ENG Presentat ion des caract~ristiqves et de&, performances du synteme
3M-88-000457 de *-vision-- de -- nult". et d'acquisition et designation de
Aerospace Daily iPSi ciole. developpd par Mart'n Marietta par len manoeuvreS. len

Operations tactiquen et 1 'assistance A 1 atterrinnage. de
"n-Ml icoptere- Apache AH-64A produit par Mc Ponnell IDouglas

Premiers ensembles de Ihodernisat ion den lunetten NyG llvres a Dour 1 'US Army et destine Ave operations dlarns den conditions
I armee Brllanniove pour sen -1n4llcop~t~res-1 Gazelle. m~t~oroiogioueS defavoraolen ou en vol de nuit
First Gazelle NVG modification kits delivered to British Army. ENG
fuplication en s~rne SCOTT W. 6.
VOL 9; NO 10. p 466, 1 Frot,; PP. 1988/03/12 C-87-011525
Modal itn du contrat attriouA conjointement A ALUN MANN Aviation Week and Space Technology (USi
Hel copters et Westland pour la product ion clv synt~mes Ce
"-vision-- de "hult- NVG Night Vision Goggles dlestin~n Ave
"*h6l 'copl~res- legers pritanniqven A !a suite den enseigrements; France : croissAnce dv 1 'indlust'iv d --h~licoptervs..
tires dvu conflit den Malouires. Programme similaire en pours pour France's growing helicopter industry.
le LYNX Publication en s~rne
Redaction revue VOL 7; NO 22; pp. 1123. 1127, 1129, 1131; 1 Fig.; 7 Prot.; OPP
C NO 1987/06/06
BM-8B-OOC437 Situation de Ia France et de l'"Aerospai'ale"- sur le marphA
Jane s Defense Weevk IyI81 mond ialI Proj et s et Programmes. APerucv e dv 'a product ion de nyst emen

C'armen guidefs. de missiles de nynt6mes inFra-rouges ft

Perspectives d ameliorat ion den canduen ce p4i'lotes ENDeetsd -iso- e *ut-

j ee~l icopt~res'' face aux exigences opdrationnel len toujours BEAVE

plus nompreunen.EAERP

The Prospects for helicopter Helmet design to meet rapidly Can's7 efnceWeklyG3
expanding requiremerts Jn' eec eky(S

Publicat ion en S~rne
VOL 17. NO 3: pp. 33-38, 4 Fig.. I Penrt.; resume Franc;ais du eupmn prnpu mgu nFac

CERMA; Of. 1987'07 LOupmn prncu mgu nFac

Len missions Jes -hel icoptores" operutiornvls demandlen uhf Opironic imaging equipment in France.

meillev-e nav'galior uhf idienl~iication plus s~re des cibles. uhf Publication en s(ýne

commande dve iir Plus eFficacy. notamment pmr de missions VOL 11; NO 5; pp. 34-39; 20 Phot. ; OP. 1987/05
nocturnes Cr contrecart *e le pilote dolt Atre AduipA O'ur casquf La France fait Dartie actuellement den qufidves pays erti~rement

Plus leger. mleux fivA et offnant dry meilleure autosuffisantS dlarns le Clocaine de la reconnaissance ft dv tir Id
vision Leff~cacitA den missions est Asujettle au port de juhelles rult ou clans den conditions de nauvaine vinibilitA.L- duipfnent

v nult ft vlsf,rs et o'. visufis de candlufs sans modification de dotronidue utiliSe 1f5 deux techniques d'intensification dv la

l Aduil Pry ft 0, po'dls du casque.Le candue dolt Proteger le lumi~re r~siduel iv et de la dttection den emissions infrarouges
pilotf 'drs af menaces enremien Igijerre cninlouf. Aclair dfs ciblen On d10crit ici len Aduipements produits par dlifferentes

nuclealrfi dv en can dec'asemfht, dve plus ]a protect ion soci~t~n aussi pier pour ves "-h~llcopttres-". len chars ou len

acoujst 'cupeft ves communical ons ddivent A~tre amlnilorees et non soldats C' infanterie.
.dim'nýuyfs ENG

C No GULMAIN U.

LONG R J C-87-009665
811-8R-000214x Miliitarn Technology i PEi

SAFE )ourral IiS I

SySteme infrarouges.
Cooýp~r.: onm industry 

1
le Israel Flats Jnis pour systeihe dve Infrared systems

co)n/-e de t'r piour "hl cctre.Mnoire CongrieS
srare IS *o coproduce me] 'cco',?r target in system. pp. 177-212; 1 Ref. ; mores Fig. ; hprfs Tab' m ones Phot . 4

% 'conen sorie communications; Of. 1984
ID. 155. Nd 32; o. 331. OP '987, '2:21 Ire revue den contremesures infrarouges : Ati iran/v, du missile en

jorm e dv RO millions 'Ie collars dv coproducl~on vue df VA destructIon. diversec metnodes clerdu:invsgate
rae:.anric~r ' Nigrit targeting System 515 destihA aux !R. leurres et tromperle. envole de fausses lnformations.Synt~men

*V'coptrers" AH-1 Toora en service darn Ifs dfeux p~ayx C esi un A laser Icapteur dve navigation doppler, altim~tre. guidage de
i-7g-rme de 20) systees. ioht 40 pour Israel missile) :comparainor, entre len radars I 'Sers et len radars

2.dal Dr , , Imyperfrydluvncen.DOe'eloppemnent d'un synt~me de **vision-- Ce
it: "null pour "hicp~e.mgrethermique tecinnologie
EYiM1 R- '0 1l7u actuel lv et progren futur
Jelnrse 0al IlYf.sl Tnme convention of rational sceisoeltralengineers of

Western Europe
ENG

n'.c'n-e 1n 4 ',n noc-u' - OI 'nr1s p 'oles dvý 23AF. r87-008652

s'gr, ýs 'ss~es I 2351
c' cars ýeIn Spr ie
/0 7U NQj I Pp 1)-12 Do P '987/1' iT mple hen®1 iu~ 24e congres anruel cve I Asnoc Iat Ion SAFE
.9; ý x5 'cags I , 2 lAr 5ent 5TC IA 

1 
'5'5 1Ia's 'vs m'55'ons le Congres

.,j er I -if . caa~r stre ie, I Ions"ti1,ý ,- , 3030 p . nor eff npr F~g . OFP '986
sI s '545 r ' Ilep~ms If5 -nftle Ofj s' nr e -,, Cectie
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contre ]a fumde et le feu, la protection Contra eas agents 13 exposes: I/Introductlion. 2/L' nt~grat ion des facteurs humains
cnlmlaues. la perte cle conscience en vol. ]es syst~mes de dans ]es systdmes.3/L'-homiiie face aux facteurs De l'environnement
communilcation avec 1'6quioage. un programme Dour un Cockpit de spatial.4/L'hOmeie et l'environnement spatial: contraintes et
tectinologle avanc~e. des syst~nies pouvant assurer la survie dA posslbi Ilt6S.5/Modif icatlion du systeme osseux en apesanteur.6/Les
l'Oqulpage etc. acctleratioiis des *-avions* de combat de la nouvelle
SAFE Association (US) gen~ration.7/Eih 4§cosyst~me Clos: le sous-marin nucl~aire lanceur
ENGI d'englns.8/L-a Plong~e profonde humaine.9/Performance. variabillt,6
C-87-007779 et fiabillltL de l'op~rateur humfain dans la conception du char

futur.tO/Les d~veloppements dle techniques nouvelIles. un moyen Pour
am~liorer ]'adaptation ergonoerie des engins biltndcls.ti/Etude des

Etude detail 16e des tests FLIR eouipant le Rockwell OV-100 Bronco Performances PsychoiiotriceS et de l'efficlence d'Opdrateurs cle
des Marines am~ricains. P1 ind~s. 12/Mission des --helcopt~res-* en cli iat chaud. 13/Vision
Testing FLEA aboard the dy-lOP, nocturne et Cnamp de bataillela3/Ergonomle des 6quipements Cle
Fuolicatlon en skrie protection.
7; VOL 9; pp. 385. 386; 2 Prot. P P. 1987/03/07 Oe10gatlon CGn6rale pour ]'Arnmamtent (bOA)
Etude d6tailllc Ce ]a nature et des r~sultats des tests Cu syst~me FRE
FLIR Oquipant le Rockwell dy-loD Bronco de LbUS Marine Corps. METZ B.: COBLENTZ A.; FESQUIES P.; VIEILLEFOSSE M. ; CHAPPARO D.
ENC C-87-FO2087
BROWN D.
C-87-005592
Jane's Defence Wdeekly (GB) Le pilote cul volt ]'invisible.

Publication en s~rie
NO 8U2; pp- 84-93. 154; 1 Fig.; 8 Prot. ; PP. 1987/01

Le "Surrogate Trainer" (SubStitut d'entrainementi de 'a scci~tib Oans leA bureaux d'Otudes amndrlcains, d'incroyabtes projets sont
Northrop :ut simulateur 6conomictue A technologie ivolu~e- en train de voir le jour.Ils ont tous Pour but de fpurnir au
Northrop's Surrogate Trainer :low-cost, nigh technology simulator. pilote une meilleure perception ac la situation~une nlouvelle
Mamoire Congres discipline est n~e. la visionique, gui r~volutionne
NO 29; pp. 67-92: 7 Fig.. 7 Fniot.; OF. 1985 1-a~ronautiduen. au m~me titre que l'av~nement Cu r4acteur Pu
Pr6Sentation d'un produit specifiquement dtiveloopp6 par la Societe I introduction des comiimandes ole vol 6iectriques.
Northrop pour permettre aux pilotes J'acqudrir le niveau FRE
op~rationne! necessaire A ine utlllsatic01' efflcace des capacit~s BROSSELIN S-
tout temps dle I-h~licoptitre-- AH-64A Apache et de ses armamlents C-87-FO1449
Sophi~titlu~s.Pour 1essentiel cc simulateur est olotenu par Science et Vie (FR)
installation Sur un hblicopt~te l'H-'AS Cobra, d'un Capteur Ce

;-vision-. de --nuit-- Pour le pilote a linstruction. AE-116231
ING Visual protection and enhancement.
DOdEN F. S Protection visueile at amelioration.
C-87-005551 L'objet CAe CA Symposium a aet Couble.Prelnierement, Ia discussion
SETP ANnual Symposium (US) des technologies actuelles At a venir en matiere de protection de

la vuebDestinee a un equipage d'avion cette protect ion dolt
couvrir des risques d'inpact et CA radiation non (onisAnte et

Systemes Cle vision d-hal icopteres'- montd~s Sur In~t. rcAOudlrA des prOblemes 0' Integration au cockpit Deuxiemement., ont
Helicopter mast-mounted Sights. aet Consideres Ics moyens d'ameiorer la vision pour le recours
Publication en Aerie auk lunettes de -nvision-- CAe --nuit-* (nvgsi. ou a des systemes
VOL 71; NO 424; PP. 28-30; 9 Ref.; 3 Phot. ; PP. 1987/01 dle visualisation infra-rouge (fuir). ou encore a des televisions a
Presentation Cu prograimme SHIP - Advanced Helicopter Improvement lumiere faible (iltvl.La encore. des proplemes d'integration en
Program - de l'arm~e cle terre am.Oricaine.Point des 6tudes, cockpit ou d'utlilsatiOn conjointe Ce cen disposltifs ont aet
rechercnes el Oevelopoements poursuiviS dams ies bays souleves-
Auropons .F IrmeS concernees. NP. 248; AOARP; CF 379; PP. 12/85

SHAKER S. M.
C-87-004984 AE-099496

NatinalDefese US)Night vision viewing system.
Systme de visee At --vision- dle --nuit*-.

Sys~me dstiesaunpi~te lehnl~ge van~epou aEtude diecrivant des s ystemes de visee pour **vision** cAe nult'OSy~tmes esties ax Pl~te : t~hroogi avac(ýepour'aet pl us part icul ierement uin dispositif comprenant un CaSque At des
crewnd sytemlaovisanc satcontr.o a tcnlg lunettes de **vision-- de - nuit-- Scion un arrangement original
Caorew Congrms/dacacnrl/ipatehogy devan t elIim ine r lAs problemes h abitu alIs dl integration en

M,6.ore Cogr~s nvironnement Cockpit C'avion a haute performance. Apres une breveNO 86CH 23598; pP. 167-182; mpr, Ref.: nomr. Fig.; 3description des systelnes eaistants. 11 cst fait une enumeration
comm~unications; PP 19866dseeet osiuisceI'paelsu a set e

Systmes(levisaliatio in~grs a caque van~s.e, panea, Si plicite d'utilisation. ses performances At de son aspectcAe vlsualSa~tion CA consell At Ce prudence' affiChe A Ia Idce de compact.Il eSt destine plus part iculilerement aux avions de Chasse
criStaux li uideS dle fat;on flapie, parfaitement visible At sans C Sned ar
amtptguitO.Architecture dlun processeur Ce visualisation avaee ELISam SAFFOAP M.

Institute of Electrical and Electronics Engineers et AIAA ( USi NP. 14; FIC. 1 1; PP. 04/10/88
tNC GEC AVIONICS
C-87-00444E8 ENG

LAs bibloes de I armee de terre dles USA S'entrainent sur un AE-098257
simulateur prototype Je combat Sur AH-64A Use Of color crts in aircraft Cockpits: a literature search.
Arnmy pilots trainl in prototype Ari-64A combat Mission simulator Utililsation des tubes a rayons cathodigues couleur dlans des
Publicat ion en Sorie Cockpits: une revue de litterature.
VOL 125, Nd 10. Pp 113, 115-117. 119; 1 Fig,; 2 Prot,; OP. UnA revue de litterature eSt conduite pour evaluer l'utilite et la
1986/09/08 falsabilite de l'emplot de tubes a rayons cathodiclues couteur dams
Depuis f~vrler 1986 'A simulateur de combat Sur AH-64 Apache. ]a cockpits dlavion militaire.On preSente uin guide Pour ia
install(, dlams t usinA de Kirkwood de )a sociialt Link. Ast uti iiA4 notation des couleurs; on note les Affets CA contraste.
comme prototype par les pilotes At co-pilotes de lbUS Army.La saturation. nombre de couleurs. repartition. avertiSheur.Les
d~cislon de production en s5hrie est esperefi par IA constructeur avantages Sur le tempt de rc--herche, Charge CA travail, avis 0-
pour Ia fir, de 1larnne 1986.CA simulateur comporte oclus cabines. pilote, reduction d'erineurs, rapidite de reponse. visibilite son'
utilisaples individuellement ou en conmmun. asSist~es par une souligies.Les inconvenients: mauvais usage des couleurs. puissance
informatique complexe ctIimportante (9 unlt6S Ce traitement utilisee. difficulte de --vision-- de --nuit--. deficienCe
prIncipales Perkin-Elnler 3250 At 29 processeu's auuiliaircs;tous rouge-vert. sont revuS-On conclut Sur Ic benefice potential
de 32 pits fonctionnant en paral i~le avec SyncnroniSat iOn attendu. leS probiemeS pouvant s'et iminer par des progres
gi§'Oralel 11 permet de nombreuses simulations oo~rationneiies technololgiqueS.
icd~signation at acquisit ion de cibleS.-vision- de HALE S L.:; BELLMAYER H. J.
*mýult-''ervlrorremert Lflectronique~lancements de missiles NP. 19; REF. 7; OPP. 04/88; MICROFICHE
Hellfirea de rl7quettes dle 2.75 pouces At C'obus de 30 ESSEX CORP.
mll lmw~tres.coups au but tur 'As tibies adverSes at d6gats
provocues par ceurs rlpostesi. 891080302
ENC Visual characteristics of LED displays pushbuttons for avionic
S11:5Y K J applications
C-87-000B)16 Pr~granmable LED matrix diSLlay pushbUttons may greatly increase
SA.la1 On Week and Space 7echnology (US) the performances of the computer based Avionic 5sytems5 Switches'

number in a control panel can be reduced by a factor of ten or
more This leads to a reduction Iin weight and size of inc control

LA Compattant at son envlrolnemeni Instrumentationst and in Snorter response time of pilots.the
M1esulre Congros autnors dleal with the study and the Opt imizat ion of visual
pp 369. mor Fig . npr Prlot . OP 1987/117 performances Of these displays in a configuration requiring a low
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power consumotion and -- night" -- vision-- goggles (NVG) underscore the operational advantage of maintaining one dark

compatlbility.Vlsiiliity problems may raise in nigh ambient adapted eye, and quantify the pilots' perceptual sensitivities to
il1usination that predominate with the sun behind the display system sources of binocular misalignment

pilot.Another critical condition is the Sun in front of the VOL. 1290; PP. 185-91; 5 Ref.; OP. 1990

pilot.Pisplay performances and contrast enhancement filter ENG
characteristics have been optimized to find a compromise between Proc.SPIE - Int.Soc. Opt.Eng.(USA);Proceedlngs of the SPIE - The
these two extreme ambient conditions International Society for Optical Engineering
VOL. 1456; PP. 300-9; 10 Ref.; OP. 1991 Conference paper
ENG LIPPERT T. M.

Proc.SPIE - Int.Soc.Opt.Eng.(USA);Proceedlngs of the SPIE - The

International Society for Optical Engineering

Conference paper 891021488
VANNI P.; ISOLDO F. Human factors and safety considerations of **night** -- vision*-

systems flight using thermal imaging systems

Military -- aviation-- -- night-i -- vision"- systems enhance the
891073763 aviator's capability to operate effectively during periods of low

The changing world of avionics illumination, adverse weather, and in the presence of
The article examines the early history of avionic instruments. obscurants.Current fielded systems allow aviators to conduct

then considers the development of instruments for and methods of terrain flight during conditions w.;.,. would be extremely

navigation, and of weapon-aiming systems.Posslble future dangerous, if not impossible, using only unaided vision. In

developments are then considered-head-down displays, flat-panel -- night-- -- vision'* systems, trade-offs are made that enhance
displays, and equipment for night operations Including head-up some visual parameters and compromise others.The mounting of the
displays, helmet-mounted displays and iinight'*--'vIsion" goggles visual displays onto the aviator's helmet provokes concern

VOL. 24; NO. 3; PP. 78-85; 3 Ref.; OP. April 1991 regarding fatigue and crash safety, due to increased
ENG head-supported weight and Shifts in center-of-gravity.Human
Meas.Control (UK);Measurement and Control factors and safety issues related to the use of thermal *-night-*

Journal paper **vision*- systems are identified and discussed.The accumulated
BARLING G. M. accident experience with U.S.Army AH-64 ''helicopters** equipped

with the thermal Pilot's *-Night'- "-Vision-- System and the

Integrated Helmet and Display Sighting System Is briefly reviewed
B91042454 VOL. 1290; PP. 142-64; 40 Ref.; PP. 1990

New image Intensifiers provide clearer picture ENG
Image Intensifiers now coming into service In Europe provide Proc.SPIE - Int.Soc.Opt.Eng.(USA);Proceedings of the SPIE - The
remarkable hign performance.The devices offer night military International Society for Optical Engineering

vehicle driving, weapon sighting and nap-of-the-Earth Conference paper
" helicopter'" operations as well as all types of night RASH C. E.; VERONA R. W.; CROWLEY J. S.

surveillance.The technology used has gone through a number of

significant stages, and these latest systems are known as the

third generation.This represents an enormous advance over the 891021487

original systems, both in terms of performance and in reduced size The development of an aviators helmet mounted "night vision"

and weight goggle system

VOL. 45; NO. 7: PP. 95-7; PP. March 1991 Helmet mounted systems (HMS) must be lightweight, balanced and

ENG compatible with life support and head protection assemblies.The
Signal (USA);Signal aauthors discuss the design of one particular HMS, the GEC Ferranti
Journal paper NITE-OP/NIGHTBIRD aviator's *night*n -'vision.* goggle (NVG)

BOYLE p. developed under contracts to the Ministry of Defence for all three
services In the United Kingdom (UK) for Rotary Wing and fast jet

S'aircraft**.Tne existing equipment constraints, safety, human

891035478 factor and optical performance requirements are discussed before

Pilot "-night-- -- vision--: human factor problems the design solution is presented after consideration of these

" Nigh *vision'' goggles nave the advantages of being simple material and manufacturing options
and reliable and offering a natural view of the outside world, VOL. 1290; PP. 128-39; 9 Ref.; PP. 1990

albeit one which differs from daylight vision in significant ENG
ways, Experienced operators agree that a high level of training and Proc.SPIE - Int.Soc. Opt.Eng.(USA);Proceedings of the SPIE - The

a thorough understanding of the limitations of NVGs are essential International Society for Optical Engineering

qualifications.The difficulties for fast-jet pilots are much the Conference paper

same as for "-helicopter-" pilots.The prevailing view is that NVG WILSON G. H.; MCFARLANE R. J.

pilots should be selected carefully taking into account their

experience, psychological make-up, willingness to take on the

commitment of extended night operations, and physical condition

(excellent ''night'* **vision'' being a pre-eminent Requirements of an HMS/O for a night-flying ''helicopter''

requirement)Among the shortcomings of current NVGs are a '-Helicopter"i pilots prefer for the night-flying tasks a

restricted field-of-view and comparatively poor resolution.The combination of electro-optical sensors with different Physical

kind of terrain flown over also affects NVG performance principles in the infra-red (IR) and in the near IR spectrum:

VOL. 24, NO. 1. PP. 65-7; 9 Ref.; OP. Jan. 1991 thermal imager (TI or FLIR). -'night" -- vision-- goggles (NVG) or

ENG low light level television (LLLTV).The limits of these three

Int Def Rev.lSwitzerland);International Defense Review sensors are in extreme darkness with less than 1 mLux illumination

journal paper or in heavy rain. fog or snow with temperature differences below

ROBINSON A. 0.1 K or with cross-over effects. respectively. The authors
describe operational requirements, human engineering aspects and
the requirements of an integrated light-weight helmet with two

B91021493 NVG-tubes and two CRTs to display superimposed NVG and TI images

Resolution and signal-to-noise measurement US Army '-night.' with flight symbologies

''vision'' goggles VOL. 1290; PP. 93-107; 9 Ref.; DP. 1990
The abflity to duantitatively cnaracter'ze the performance of ENG
,'night*'' vision'' goggles INVGI is nv~stlgated.The controversy Proc.SPIE - Int.Soc.Opt.Eng.(USA);Proceedings of the SPIE - The

concerning the increase in commercial ai;l military ''nelicopteri' International Society for Optical Engineering
accidents involving NVO indicates a need to determine if the use Conference paper

of defective or marginal NVG is a contributing factor to the 8OHM H. D. V.; SCHRANNER R.
increase in accidents, or the apparent correlation between NVG and

accidents is simply due to the increased use of NVG in an expanded

and Inherently more dangerous flight envelope The US Army TMDE 891021482

Support Group has developed Instrumentation to augment the AN/3895 Use of holographic optical elements in HMOs

TS test set which features a custom electronic circuit which Holographic optical elements (HOES) are very appropriate for the

orovides a user-friendly interface between a commercially construction of helmet mounted displays (HMDs)sThe low weight and

available CCD camera, monitor and oscilloscope the compactness of HOES allow for a design which meets the

VOL 1290. PP 206-15: 0 Ref.. OP. 1990 mechanical specifications of a helmet much better than a design

ENG with classical optical components. If the HOEs are recorded in

Proc SPIE - Int Soc Opt EIg (USA IProceedings of the SPIE - The dlchromated gelatin, special precautions have to be taken to

International Society for Optical Engineering obtain humidity-resistant HOES and to ensure tight adhesion of the

Conference Paper gelatin to the plastic.The influence of deformations of the

PIVAMONTE A Substrate material on the image quality has tO be also
considered In order to find solutions for these problems. DCG
holograms were recorded on the polycarbonate visor of holographic

091021491 "night'' ''vision'' goggles (HNVGI Various recording
Fundamental monocular/binocular HMP human factors configurations have been analyzed
Five laboratory St1dies were conducted in order to estab, Ish Image VOL 1290 PP 70-80. 3 Ref . PP 1990

alignment !olP'ances for wide field of view INC
mo)nocular biocuiarblnirorlar helmet mounted displays (HI0I Apache Proc SPIE - Int Soc Opt Eig (USA).Proceedlngs Of the SP-I

":he1,Cop er'' I ype production rHMb oculars were used by ''night'' Internatlonal Society for Optical Engineeinq

'1vis~on'' trained p
1 1

ots ci tne stud5es. Ihe resul's of which Corerence Daier
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DE VOS G.: BRANDT G. Low-level night flying tests Imaging sensors
The United States Army's requirement for low-level night
'*helicopter** operations has led to sensors that include image

891021481 intensifiers operating in the near infrared as well as thermal
LOw light level television systems in helmet mounted displays iSmagers operating in the 8 to 12 micron region.To a large extent,
Characteristics of low light level television are discussed in these -*night-- -- vision-- systems were driven Dy available
comparison with **night** $*vision** goggles, with applications In technologies with no clear data then available for optimum sensor
**alrcraft*t and more specific in a helmet mounted vision system.A designs to aid the PIlOt.A laboratory has developed, a night
prief repoit is given of investigative work that must result in an pilotage research system being flown on a test Ded -- aircraft--
airborne LLLTV with enhanced imaging capabilities under typical from Fort Belvoir's Davidson Army Airfield.A fleet of various
operational circumstances **helicopters** supports the laboratory's developmental programs
VOL. 1290; PP. 60-9; 4 Ref.; OP. 1990 to determine the system requirements for enhanced night and
ENG nap-of-the-earth flying.An advanced pilotage system based on
Proc.SPIE - Int.Soc.dpt.Eng.(USA);Proceedings of the SPIE - The revolutionary approaches to night flying Is expected, to operate
International Society for Optical Engineering with dual-spectrum and advanced sensors and displays that will De
Conference paper part of a second-generation rotorcraft pilot's associate program
SCHRI.JVERSHOF M.; VAN DEN BERG J.; SCHELEN J. B. J. VOL. 44; NO. 9; PP. 89-90, 92. 94, 96-7; 0 Ref.: DP. May 1990

ENG
Signal (USA);Signal

8I0021478 Journal paper
The development of the combiner eyepiece --night-- --vision--
goggle
The combiner eyebiece *-night-- -- vision-- goggle (NVG) gives the 890058527
pilot a direct view of the head-up display (HUP) and cockpit The Navy's new electronic look
instruments which is optically combined with the intensified Certain trends are evident in recent Navy *-aircraft-- electronic
image.The cockpit instruments and HUD are compatible with the NVG update programs.For example. increased night combat capability is
and are invisible to the NVG.The development of a combiner one obvious trend.Recent fieldings of 'night attack' models of the
eyepiece NVG from Initial concept through to production Is F/A-18C/D and the AV-88 -- night- -- vision-- -- aircraft-- have
discussed Including design considerations, trade offs and been followed Dy the addition of forward-looking infrared (FLIR)
enhancements to the operation of the device.The further to other **aircraft**.Secondly. new contract awards also point to
development of the combiner eyepiece NVG into a fully integrated the wider proliferation of electronic countermeasure systems.And.
ejection safe --night-- -- vision-- helmet is also described sophisticated electronic -aircraft---like Grumman's E-2C
VOL. 1290; PP. 16-29; 8 Ref.; OP. 1990 'Hawkeye'-are gaining new supporters as they prove their worth in
ENG the military's expanding role in the war on drugs.Finally.
Proc.SPIE - Int.Soc.Opt.Eng.(USA):Proceedings of the SPIE - The specialized training devices are growing In importance in direct
International Society for Optical Engineering correlation to other electronic upgrades
Conference paper VOL. 22; NO. 6; PP. 92-7: 0 Ref.; OP. June 1990
CAMERON A. A. ENG

Def.Electron.(USA);Defense Electronics
Journal paper

B91021471 GOURLEY S. R.
8-52 *-night- -- vision** goggle head-up display development
The Strategic Air Command has endorsed the use of **night**
*'vision** goggle head-up display (NVG/HUD) systems for their 890052733; C90054202
conventional mission 0-52G -- alrcraft-*.This system displays Design and evaluation of a cockpit display for hovering flight
flight and navigation information onto a combiner glass which is A simulator evaluation of a cockpit display format for hovering
mounted to one of the NVG objective lenses.This allows the pilot flight is described.The display format Is based on the
to have an 'eyes out' orientation, thereby decreasing posltion-velocity-acceteration representation similar to that used
communication and workload, and Increasing mission safety. In the Pilot --Night.- -- Vision-- System in the Army AH-64
situational awareness, and mission effectiveness.The authors *"helicopter**.By only varying the nature of the display law
reconstruct the development history of the NVG/HUD System, and its driving the 'primary' indicator in tnis format, I.e.the
Incorporation into the 8-52 airplane acceleration symbol, three candidate displays are created and
VOL. 1289; PP. 63-71; 2 Ref.; PP. 1990 evaluated.These range from a status display in which the primary
ENG indicator provides true acceleration information, to a command
Proc.SPIE - Int.Soc.Opt.Eng.lUSA);Proceedlngs of the SPIE - The display in which the primary Indicator provides flight director
International Society for Optical Engineering information.Simulation results indicate that two of the three
Conference paper displays offer performance and handling qualities that make them
CRAIG J. L.: PURVIS 8. 0. excellent candidates for future -- helicopter** cockpit display

systems
VOL. 13; NO. 3; PP. 450-7; 7 Ref.; DP. May-June 1990

891006187 ENG
The changi'g world of avionics J.Guid.Control Dyn.(USA);Journal of Guidance. Control, and Dynamics
A Drief history of the author's Company introduces a review of the Journal paper
evolution of combat *-aircraft** instrumentation, navigation. HESS R. A.; GORDER P. J.
weapon aiming systems and -*night-- -- vision- capabilitieS.The
prospects for forthcoming head-down displays, flat panel displays
and night attack systems are assessed 890032951; C90026938
VOL 6; NO. 1; PP 3-14; 3 Ref.; OP. 1990 Computer generated imagery for model testing
ENG The US Army CECOM Center for **Night.* **VisiOn** and
GEC Rev.(UKi;GEC Review Electro-Optics (C sup 2NVEO) has originated a facility for
Journal paper computer-generation of realistic environments with atmospheres for
8ARLING G. M. thermal Imagery with optics and noise (CREATION).Its application

to produce imagery for two visual test series is
discussed.Panoramic views of synthetic generic landscapes, with

890080324 different degrees of clutter and inserted tanks, were produced for
CompatiblAlty of -- aircraft-- cockpit lighting and image a search experiment.Close-up thermograms of vehicles were
intensification night imaging system processed to simulate the Impact of different thermal detector
Night imaging systems based on image Intensification (I sup 2) organizations., then used to analyze sampling effects.The methods
tupes are a major factor in the night operation capability Of of generating synthetic Imagery Chosen for these two tasks are
military -*aircraft**.A major problem associated with the use of compared to software that is readily available and reasons for the
these systems Is the detrimental effect on performance caused by particular choices are given
internal Cockpit lIghting Instrument lamps, caution lamps, utility VOL. 1098; PP. 2-12; 5 Ref.; OP. 1989
lights, and other light sources inside the cockpit activate the ENG
auto•iatir gain control circuits of the intensification tubes, Proc.SPIE - Int.Soc.Opt.Eng.(USA);Proceedings of the SPIE - The
thereby reducIhn their sensitivity to external natural and International Society for Optical Engineering
artificial IIlumlna ion. In 1986. a trn-service specification, Conference paper
MIL-L85762. 'lighting, 6,a rcraft *, nteriof, **night. KORNFELD G. H.

*visionx imaging system compatible'. was adopted to resolve the
iockpit ighting probiemnSMIL-L-85762 defines the measurement

instrumentation and techniques required to certify lighting 890025313
components as '-night- -- vision-- imaging System (NVIS) Incorporating dynamic field of view information to design the
compatible' next-generation Black Hawk -- helicopter-- cockpit
VOL 29; NO 8; PP 863-9; 5 Ref.; OP. Aug. 1990 Changing flight tactics and increased use of -*night-- I*visiono*
ENG Qoggles has focused attention On the limited field of view (FOVI
OptEng , Bellingham (USA)OptliCal Engineering of the Army UH-60A Black Hawk *ihelicopter**.To improve the FOV in
Journal paper the next generation Black Hawk, the US Army asked an independent
RASH C E . VERONA R W, contractor to investigate the problem and P"Opose alternatives.The

Study Involved a comprehensive review of army requirement
documents, existing FOV studies, and accident dataClose attention

890065378 was given to dynamic flight characteristics that affect FOVIso.
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the study team collected technical data related to military rotary Improvement in Impact-resistance afforded by polycardonate

wing design, administered a survey to pilots, and interviewed ophthalmic lenses, verify the relatively low forces necessary to

users and other technical experts.The study revealed the current cause NVG displacement and subsequent glass lens breakage, and

UH-60A design meets the requirements of MIL-STD-8505 under static establish the feasibility of prescribing polycarbonate lenses for

conditions.The only exception is the obstructed view that the door use by -- aviation-- personnel

and windshield vertical structures create.However, under dynamic VOL. 1116; PP. 176-84: 14 Ref.; OP. 1989

conditions the UH-60A cockpit design and normal flight ENG

characteristics substantially reduce the FOV in critical areas.The Proc.SPIE - Int.Soc.Opt.Eng.(USA);Proceedings of the SPIE - The

study produced eleven options that can improve and/or enhance the International Society for Optical Engineering

next generation Black Hawk's FOV if incorporated into the new Conference paper

design.Each option is presented and discussed CROSLEY J. K.

NP. 2 vol. xxiv1543; PP. 1124-8 vol.2; 0 Ref.; OP. 1989
ENG

Conference paper 890004639

SIMON R.; DUNN o. Cockpit lighting compatibility with image intensification night
imaging systems: issues and answers
Night imaging systems based on image Intensification (I sup 2)

890004638; C90009898 tubes are a major factor in the night operation capability of US

Predicting the performance of -- night-- -- vision-* devices using a Army rotary-wing "*aircraft".A major problem associated with the

simple contrast model use of these systems is the detrimental effect caused by internal

The author discusses a computer model that can quickly produce cockpit lighting.Instrument lamps, caution lamps, utility lights.

spectral transmission curves and calculate the apparent contrast and other light sources inside the cockpit activate the bright

for -- night-I -- vision-- devices when viewing a target against a source protection control circuits of the intensification tubes.

specified background.Since an operator might be looking through thereby reducing their sensitivity to external natural and

several optical elements that would act as filters it was artificial illumination.In 1986, a Trn-Service specification,

necessary to have a capability to include multiple absorption MIL-L-85762. 'Lighting, *-aircraft-*, interior, -- night*-

filters.The contrast model is a Lotus 1-2-3 worksheet that -- vision- imaging system compatible', was adopted to resolve the
retrieves the necessary data. calculates a relative intensity for cockpit iighting propiems.MIL-L-85762 defines the measurement
both the target and the background. spectrally displays these. instrumentation and techniques required to certify lighting

then calculates the contrast.The target and background relative components as 'ANVIS compatible'.The specification does not

spectral intensity curves are then displayed on the screen address compatibility problems associated with AN/PVS-5

allowing a quick, subjective analysis.The model will operate on usage.Ongoing efforts relating to MIL-L-85762 include

virtually any MS-DOS computer.Each scenario Is entered, processed characterization of lighting incompatibilities in the US Army

and the relative spectral intensities and contrast calculated in -- aircraft--, implementation of programs to modify the lighting In

just a few minutes. allowing the rapid analysis of many different incompatible cockpits, and certification of proposed lighting

scenarios in a short period of time components for future -- aircraft-- systems.Additional work has
VOL. 1116; PP. 162-9: 7 Ref.; pP. 1989 been done to provide 'near compatible' solutions to lighting

ENG problems associated with the use of AN/PVS-5 systems

Proc.SPIE - Int.Soc. Opt.Eng.(USA);Proceelings of the SPIE - The VOL. 1116; PP. 170-5; 5 Ref.; DP. 1989

International Society for Optical Engineering ENG

Conference paper Proc.SPIE - Int.Soc.Opt.Eng.(USA);Proceedings of the SPIE - The

DECKER W. M. International Society for Optical Engineering

Conference paper
RASH C. E.; VERONA R. W.

890004630; C90009892

Helmet-mounted displays for "*helicopter** pilotage: design

configuration tradeoffs, analyses, and test 890004108
Human engineering criteria applicable to the design of helmet Design considerations of the sunlight readable **night*-

mounted displays for use with -- night-- -- vision-- sensors, such *-vision-- image system compatible KROMA color display
as forward looking infra-red (FLIR) or low light level television A sunlight readable -- nightv- *-vision*w image system compatible

iLLTV), are stated and reviewed.Systems requirements are presented three color display, using a KRONA (Kaiser Rapid Optical

which call for pilot operation at night that is as equivalent as Multi-Color Assembly) filter, has been designed for avionics
practicable to flight under normal daytime visual application.The KROMA display, which uses a 'monochrome' CRT and a
rules.Requirements are developed that utilize head motion coupled liquid crystal Optical switch, has been optimized for its color.

to sensor movement to achieve the semblance of daytime pilotage brightness contrast, and wwnightw- wwvisionw- image system

while conducting operations at night under the cover of deep compatibility. This approach provides excellent color saturation.

darkness.At the outset, salient factors are Identified and high contrast ratio, and low NVIS (*-Night-- -- Vision*- Image

prioritized which are applied to further design tradeoffs leading System) radiance, making it attractive for using in night mission

to helmet mounted visor displays. The prime design objectives being ,*aircraft-.The authors describe the design considerations in

operational suitability, acceptability by the pilot commnunity, selecting phosphors, color filters. polarizers. and the methods of

reduced crew training requirements and minimal logistics reducing the ambient light reflection

support.Alternate design configurations, computer analyses. VOL. 1117; PP. 162-7; 6 Ref.; OP. 1989

operating experience, and pilot reaction are cited ENG
VOL. 1116; PP. 27-32; 3 Ref.; DP. 1989 Proc.SPIE - Int.Soc.Opt.Eng.(USA);Proceedings of the SPIE - The

ENG International Society for Optical Engineering
Proc.SPIE - Int.Soc.Opt.Eng.(USA);Proceedlngs of the SPIE - The Conference paper

International Society for Optical Engineering LI JR WEI; KALMANASH M. H.

Conference paper
LOHMANN R. A.; WEISZ A. Z.

B89078681

Prototypical near-infrared projection system: a potential training

890000024: C90009891 system for image intensifier devices
Helmet-¥ounted Displays A prototype near-IR projection system was developed by the US Army

The following topics were dealt with: rotorcraft helmet-mounted Research Institute -- Aviation-- R&D Activity and the US Army

displayssimulntion and space;tactical ""aircraft- displays;and Center for *"Night. *Vision*- and Electro-Optics The system uses

"• night" e*Vision e a near-IR cathode ray tube, projection lens. and an optical
VOL. 116. DP 1989 cut-off filter to project daytime video in the 830-1000 nm range

ENG of the electromagnetic spectrum, observable only with Image
Proc.SPIE - Int.Soc.Opt.Eng.iUSAi;Proceedings of the SPIE - The intensifier devicesResearch is conducted to determine the

International Society for Optical Engineering system's effectiveness as a supplemental ".night-- -- vision--

Conference proceedings goggle training aid

VOL. 1117; PP. 36-41; 0 Ref , DP. 1989

ENG
890004640 Proc.SPIE - Int.Soc Opt.Eng.(USA);Proceedings of the SPIE - The
Polycarbonate ophthalmic lenses and "-night.- -- vision-- goggles International Society for Optical Engineering

in US Army -Aviation-" Conference paper

US Army aviators use the AN/PVS-5 -*night*- -- vision- goggles INTANO G. P.; PEDRONI G. M ; RUSCHE G.
(NVG) with a modified faceplate which enables wearing of

corrective spectacles, when required The next generation NVGS. the
Aviator -Night- -Vision- Imaging System (ANVIS). Permit 889078568
spectacle wear by design With only glass lenses available to the Human factors and safety considerations of **n"gnti - -*vision-"

aviator requiring optical correction, there is a potential for eye systems flight
injury from broken glass ShOuld the goggles be displaced Military "-aviation'" -night- **vision" systems greatly enhance

accidentally The author discusses studies conducted at the US Army the capability to operate during periods of low
Aeromedical Research Laboratory. Fort Rucker, Alabama to: compare illumination.However. the visual input afforded with these devices

the impact resistance of glass. CR-39 (plastic). and polycarbonate does not approach that ewoerienced 1sing the unencumbered. kaided
lenses to simulated NVG tubesestablish the approximate forces eye during periods of daylight Illimiratlon Many vIsuai
necessary to cause glass lens breakage by displaced NVG tubes and parameters, e g acuity, field-of-view, depth Percep'ton etc ,r ae

determine the performance of plycarbonate lenses in the compromised when "*night--..-vision- devices are .spa -'e

"-*aviation-- environment Results demonstrate the significant Inherent characteristics of Image Intensification based sensors
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introduce new problems associated with the interpretation of inC;jde the latest advances in optronic sensors, particularly for
visual information based on different spatial and spectral content night observation, and also tne considerable progress in radar
from that of unaided vision. In addition, the mounting of these technology, which can now resolve a great deal more detail.It Is
devices onto the h6lmet Is accompanied by concerns of fatigue even possible to use the data available from weapon sensors
resulting from increased head supported weight and shift In carried on the *-aircraft*-
center-of-gravity.All of these concerns have produced numerous VOL. 21; NO. 4; PP. 369-72: 0 Ref.; OP. 1988
numan factors and safety issues relating to the use of -- night" ENK
**vision-- systems.These issues are identified and discussed in Int.Def.Rev.(Switzerland):InternationaI Defense Review
terms of their possible effects on user performance and safety Journal paper
VOL. 1117; PP. 2-12; 12 Ref.; OP. 1989 SALVY R.; TURBE G.
ENG
Proc.SPIE - Int.Soc.Opt.Eng.(USA);Proceedings of the SPIE - The
International Society for Optical Engineering 888061534; C88054309
Conference paper Integrated flying aid and mission displays for modern combat
VERONA R. W.; RASH C. E. -- aircraft-- Incorporating a digital data base

Electro-optic sensors-forward-looking infra-red and -*night--
**vision*$ goggles-are today providing a dramatic enhancement of

889020320 low-level operational capability, but causing increased demands
Airborne thermal imaging for precision navigation, situation awareness and advanced
Summary form only given.As a general rule most **aircraft** have displays.Digital map displays, also available today, offer the
to work under visual flight rules (VFR);the aim is to extend VFR flexibility of map presentation that is needed. In the future,
operation into poor weather and night conditions.Performance terrain-referenced systems incorporating digital data bases hold
enhancements of electro-optical sensors have made it Possible to the promise of the integrated flying aid and mission displays that
provide -*night- ,*vision-*/poor weather operations capability are required for 'all-weather' operations. This paper describes
for a wide range of **alrcraft** by means of a relatively simple first the fit and usage of the EO systems likely in a future
upgrade of the avionics fit.These systems can provide effective combat *-aircraft- and goes on to review the status of data-base
low level high speed attack under night-time VFR conditions In systems. It establishes the baseline against which digital map
Central Europe during winter increased operational capabilities of systems and later terrain-referenced displays that exploit an
200% (20% of the 24 hour period to 70%) are achievable.This elevation data base might be integrated into the -- aircraft--
extends the battlefield day to 24 hours which means the enemy can VOL. 41; NO. 2; PP. 261-75; 5 Ref.; OP. May 1988
no longer use darkness or poor weather conditions to avoid ENG
detection or cover movement/resupply activities.These capabilities J.Navig.(UK);Journal of Navigation
are achieved passively and force the enemy to reconsider its Journal paper
operational tactics.The author considers the implementaiton of WHITEHEAD A. M.; THOMAS W. P.; WILKINS M. P.
such systems into high performance -*aircraft-- together with
developments of steered/stabilised thermal imaging systems for
remotely piloted vehicles and **helicopters- B888036614
VOL. 917; PP. 101; 0 Ref.; OP. 1988 Total Terrain Avionics
ENG The introduction of passive electro-optical sensors in the form of
Proc.SPIE - Int.Soc.Opt.Eng (USA);Proceedings of the SPIE - The FLIR and -*night-- **vision-- goggles (NVGs) has been a
International Society for Optical Engineering significant step forward in aiding the combat Pilot in a hostile
Conference paper environment.TF radars enable low level flight in all
AGER S. M. weathers.However. the FLIR/NVG combination is not all weather and

TF radars are not stealthy.Recent developments in data storage.
advanced processing techniques and highly efficient display

889012553 presentation have been instrumental in enabling covert operations
Airborne thermal imaging to take place in all weathers.Precise autonomous navigation and
Summary form only glven.Performance enhancements of terrain following, with the threat of detection minimised, is now
electro-optical sensors have made it possible to provide -- night-- available to the modern combat pilot, freeing him to concentrate
,,vlsionoo/pOor weather operations capability for a wide range of on successfully achieving the aims of his mission.The capabilities
"-aircraft-- by means of a relatively simple upgrade of the described in this paper are all feasible, and are being integrated
avionics fit.These systems can provide effective low level high into GEC Avionics' System of Total Terrain Avionics (T sup 2A)
speed attack under night-time visual flight rule conditions. In NP. 456; PP. 39/1-9; 0 Ref.; PP. 1987
central Europe during winter operational capabilities of 200% (20% ENG
of the 24 hour period to 70%) are achievable. This extends the Conference paper
battlefield day to 24 hours which means the enemy can no longer STONE J.
use darkness or poor weather conditions to avoid detection or
cover movement/resupply activities.These capabilities are achieved
passively and force the enemy to reconsider its operational 888036085; C88032399
tactics The author considers the implementation of such systems Integrated flying aid and mission displays for modern combat
into high performance -- aircraft" together with developments of -- aircraft-- incorporating a digital database
steered/stabillised thermal imaging systems for remotely piloted Electro-optic sensors-forward-looking infrared and -*night*-
vehicles and -- helicopters-- *-visiOn-- goggles-are today providing a dramatic enhancement of
VOL. 915: PP. 105. 0 Ref ; OP 1988 low level operational capability, but causing Increased demands
ENG for precision navigation, situation awareness and advanced
Proc.SPIE - Int.Soc.Opt Eng.(USA);Proceedings of the SPIE - The displays, Digital map displays, also available today, offer the
International Society for Optical Engineering flexibility of map presentation that is needed.In the future.
Conference Paper terrain referenced systems incorporating digital data bases hold
AGER S M the promise of the integrated flying aid and mission displays that

are required for 'all-weather' operations.This Paper describes
first the fit and usage of the EO systems likely in a future

888068530 combat -*aircraft-- and goes on to review the status of database
visionics simulation !n the AH-64 combat mission simulator systems.It establishes the baseline against which digital map
The AH-64 combat mission simulators (CMS Si systems and later terrain referenced displays that exploit an
vlsual-avionics-sensor (vlSlonicsi system is discussed The AH-64 elevation database might be integrated into the **aircraft*
vislonics consists of the target acquisition and designation NP. 456; PP. 23/1-11; 5 Ref.; DP. 1987
systems (TAPS). pilot --night --- vision*, sensor iPNVS). and the ENG
Integrated helmet and disolay-sighting System (IHApSS).These Conference paper
systems provide the crew with sensor imagery for target detection. WHITEHEAD A. M.; THOMAS W. P.; WILKINS M. P.
recognition. acquisition, and engagement, as well as
**nignt-l*-Vxsion10 imagery to aid in flying the -aIrcraft''The
simulation of the vlsionics systems is described, as well as the 888029537
mission test and integration processControls. hardware Helmet-displays for the combat-proven air force
interfaces. servo and visual simulations are also described One of the most important elements of the new fighter Cockpit 1S
NP 4 vol 1597; PP 947-53 vol 3. 2 Ref.; OP 1988 its displays, and the exigencies of modern combat make if
E NG increasingly important for the Pi lot to have access to the
Conference paper information without having to look down into the Cockpit during a
DREW E W.. GCORGE G R . KNIGHT S. N crucial phase of the mission Two components In Israel currently

have substantial development and/or production programs for
head-up displays and both are working on the newest form of HUb,

888061532 that mounted on the aircrew helmet Elbit is responsible for the
Combat Cockpit of the future France pushes for new solutions colour and monochrome head-down displays in the Lavi. Is marketing
In France. Thomson-CSF is pursuing its own approach to the combat the HALO *helicopter*" -- nIghtnt-avision* HUb and has developed
"*aircraft** Cockpit Of the future, rather than attempting to copy the DASH Display And Sight Helmet which has been selected by the
the very ambitious display systems which are being developed in Israel Defence Force for F-15s and F-16s, and eventually the Lavi
in, united States In this way, the company mopes to develop as well
solutions more Quickly TO fully understand the problems. it Is VOL 42. NO B. PP 828-30. 0 Ref . OP Aug 1987
important to consider the need to make tie best possible use of ENG
the wide range of sensor information which is available In a Interavia (EngI Ed) IS.wtzerlandi
modern -- aircraft- The author disCuSSeS how key developments journal paper
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GILSON C. multimode tube. Transition Times between head-up and head-Oown
displays are examined with regard to eye accommodation,

collimation and change of lighting, bright exterior illumination.
888030107 and -- night" -- vision--

Cockpit readiness for -- night" -- vision** goggles NP. xxv+334; PP. '3/1-12; 6 Ref.; DP. Feb. 1987
The introduction of *night** **vision-* goggles into the cockpit FRE

environment may produce incompatibility with existing Cockpit Conference paper
optoelectronic instrumentation.The methodology used to identify MENU J. P.; AMALBERT R.
the origin of the spurious signal is demonstrated with the example

of an electronic display.The amount of radiation emitted by a gray
body In the wavelength region of goggle sensitivity IS 887050517; C87044056
calculated.A simple procedure for preflight testing of cockpit Integrated flying aid and mission displays for modern combat
instrumentation using a comewercially available infrared camera is -- aircraft-- incorporating a digital database
recommended. Other recommendations include the specification of Electrooptic (EO) sensors such as forward-looking infrared and

cockpit instrumentation for compatibility with *-night-* -- night-- *-vision** goggles, enhance low-level operational
,*vision** devices capability but create increased demands for precision navigation,
VOL. 778; PP. 54-60; 15 Ref.; OP. 1987 situation awareness, and advanced displays.bigital map displays
ENG offer the flexibility that is needed. In the future,
Proc.SPIE - Int.Soc.Opt.Eng.(uSA) terraIn-referenced systems Incorporating digital databases are

Conference paper expected to provide the integrated flying aid and mission displays
SCHOLL M S.; SCHOLL J. W. that are required for all-weather operations.The fit and usage of

the EO systems likely to be used in a future combat *-aircraft--
are described, and the status of database systems is reviewed.A

A88050549; 888024322; C88016275 baseline is established against which digital map systems and
Display System Optics laser terrain reference displays that utilize an elevation

The following topics were dealt with: visual perception;image database might be Integrated into the -- aircraft--

displays;flight simulators;airporne displays;stereoscopic NP. 803; PP. 267-74; 5 Ref.; OP. 1986
displays;**night°* -- vision-* goggles:and helmet-mounted ENG
dlsplays.Abstracts of individual papers can be found under the Conference paper
relevant classification Codes in this or other issues WHITEHEAD A. M.; THOMAS W. P.; WILKINS M. P.
VOL 778; OP. 1987

ENO

Proc.SPIE - Int.Soc.Opt.Eng.(USA) 587050505

Conference proceedings An avionic caution and advisory display panel

A state-of-the-art, avionic caution and advisory display panel

(CADP) that incorporates liquid crystal display (LCD) technology
888005072 is presented. Rel labiIity performance significantly greater than
Evaluation of a pilot s line-of-sight using ultrasonic heretofore realizable is effectively achieved with 100% display
measurements and a helmet mounted display and electronic redundancy.To maximize performance and reliability.

Several problems in aerial warfare include the use of the pilot's the unit incorporates the following: -*night -**vision**-goggIe
sight under the aspects Of -night M -*-vlslon* capability as well compatible amber and green color queuing for ease of

as of locking -- aircraft-- systems on targets with no delay.The distinguishing caution messages from advisory
desire for a trouble-free visually COupled system led to the messages;high-resolution 14-by-14 matrix pixel-array character

development of the COmbination of line-of-sight locator and helmet font to provide eye-ease message readabiiIty;faiI-passive circuit
mounted display The solution is based on the ranging of the three design to preclude false message annunciations;and automatic as
angles of head movement In azimuth, elevation and roll by well as manually initiated BIT to provide aircrew assurance of
measuring the transmission times of ultrasonic signals between proper CADP operation

transmitters mounted on the pilot's helmet and receivers on the NP. 803; PP. 173-6; 0 Ref.; PP. 1986
Cockpit structure. whereas the visual information is displayed in ENG
front of the pilot s eye by an optical system which receives the Conference paper

image from a remote CRT display STRATHMAN L. R.
NP 4 VOl. 1540; PP. 921-7 V0o.3; 0 Ref.; PP, 1987

ENG
Conference paper 887034966
AXT W E. Defence applications of opto-electronics

Opto-electronics has recently become an important and significant

technology for defence applications.The developments in -- night*-
887071242 **vision*-. thermal imaging. laser instrumentation and fibre
Integrated avionics for Nightpird Harrier Optics have reached a stage where it is possible to provide an all
The author describes the refit of an RAF Harrier, under the weather, all time capability for surveillance, reconnaissance and

Ministry of Defence Nightbird programme, with a survey or targets from ground **aircraft** and
• nIght -*vlsIlOn* system, making the Harrier the world's first satellltes.lntegrated military systems are expected to be
vertIcal/short lake off and landing IVSTOL) night attack available based on the combination of advanced Passive and active

-alrcraft**The system comprises head-up displays, head-down detection, vision and imaging technology as against subsystems
displays and a map projection system and 1s easily Installed tailored specifically for a given guidance weapon system.various
VOL, 33; NO. 7; PP 451-2: 0 Ref.: OP July 1987 Instruments and instrumentation systems in *-night-*-* vision*-.
ENG lasers. thermal imaging and fibre optics are discussed
Electron& Power (G)8 VOL. 3; NO. 8; PP. 418-24; 19 Ref.; OP. Aug. 1986
Journal paper ENG
MASON R IETE Tech.Rev.(India)

Journal paper
HRADAYNATH R.

887071241
Turning night into day (Inigghrt -- vision-* for military

• ailrcraftt I A87025753; 887014395
1O prevent ground forces exploiting the hours of darkness for Review of industrial applications of HOEs in display systems

attack, movement and resupply ground-attack *-aircraft-- should be After a short review of diffractive Optics, three applications of
able to operate at night and in poor weather.The author presents a HOES are considered: helmet mounted displays, holographic
forward-lOOking infra-red IFLIR) System where the image is **night'* *-vision** goggles and holographic head up
suoerimposed on the real world as seen through the cockpit head-up displays.Possible future research fields are introduced
display The FLIR architecture is described and key features of the VOL. 600; PP. 66-80; 17 Ref.; OP 1986
system are looked at ENG
VOL 33. NO 7. PP 447-50. 0 Ref , OP July 1987 Proc.SPIE Int.Soc.Opt.Eng.(USA)
ENG Conference paper
Electron A Power (GBI SCI-EICHER E. J. P.
journal paper
PICKERING S

A86114835; 886065472

Effect of broad-banded eye protection on dark adaptation
887057291 The authors have reexamined earlier findings indicating that
Organisation of displays In tie field of vIew of the combat sunglasses could prevent deleterious effects of bright light on
-- aircraft- polOt lark adaptationThey found that the use of broad-Dand attenuating
'ne osycoopnOysiological PrOolems of the specific organisatlon of spectacles could improve absolute visual thresholds but they had

Cockpit displays are studied :n the basis of laboratory minimal effect on central retinal mechanisms Dark adaptation
exoeriments and trials of grounded French °'aircraft°* equipped functions measured with long-wavelength light showed no
with the latest visual display devices Three working poles more or significant sunglass effect.whereas. such functions measured with
less welIl separated in position and function are distinguished a intermediate spectral light decreased in final visual
head-ro display superImoosed on the view of tne Outside world, a tnresnolds The results of this study strongly support previous

conventional head-down display Panel with one or two multimode arguments for providing standard visible and near ultraviolet
.beos and some- bac- gP dials, and a -aia Pole also slng a protection to personnel required to perform military tasks under
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extremely bright environmental light past two decades, such as the microchannel plate and the gallium
NP. xiv.234; PP. 17/1-8: 19 Ref.; OP. Dec. 1985 arsenide photocathodes. have significantly itmproved the image
ENG intensifier's projected life time and performance
Conference paper capabilities.Improved manufacturing techniques have contributed to
ZWICK H.; GARCIA T. A.; BEATRICE E. S.; BLOOM K. R. the intensifier's extended life and expanded performance

capabilities.This continued progress attests that the image
Intensifier continues to be a viable sensory extension helping man

B86065495 achieve his goal, the conquest of darkness
Night* *vi:sIon:" by NVG with FLIR NP. xiv÷234; PP. 1/1-5; 0 Ref.; OP. Dec. 1985
Nighnt vlson* goggles and fixed forward looking infrared ENG

equipmlents botn nave particular operational shortcomings when used Conference paper
In a fixed wing *-aircraft' for close air support at VERONA R. W.
nignt.However when operated together, they compensate for each
other's deficiencies forming a nignly capable system at far less
cost and complexity compared with other **nightno *vision** A86109701; 886061862
systems Visual Protection and Enhancement.--Aerospace," Medical Panel
NP. xivv234; PP. 10/1-7; 0 Ref.; DP. Dec. 1985 Symposium (AGARD-CP-379)
ENG The following topics were dealt with: image intensifiers including
Conference paper **night- **vision** goggles, forward looking IR systems and
BULL G. C. helmet-mounted dlsplays;aeromedical aspects;light exposure effects

and eye protection devices;visual difficulties and human
factors.Abstracts of individual papers can be found under the

A86114845; 886065494 relevant classification codes in this or other issues
Aeromedical lessons learned with -*-ight-- -- vision-- devices NP. xiv÷234; OP. Dec. 1985
The authors present a review of -*night** -*vision** devices used ENG
in the military *hnelicopter°* flight environment, and aeromedical Visual Protection and Enhancement.Aerospace Medical Panel
lessons learned.DlsCussion revolves around experience with three Symposium (AGARD-CP-379)
US Army *-aviation-- systems: the currently used second-generation Conference proceedings
"*night-- --vision-- goggle (NVG). or AN/PVS-5;the
soon-to-be-flelded AN/AVS-6 third-generation NVG;and the AH-64
Apache thermal sensor and imaging system.Performance 886024392
characteristics are presented, and primary emphasis is on Applications of thermal imager devices including modelling aspects
aeromedical research related to pilot interface with the systems Thermal Imagers (TI) detect the thermal radiation of all bodies
to-include visual acuity, contrast sensitivity, depth (Planck radiation) mainly in the 8-12 mu m atmospheric window for
discrimination, dark adaptation, crew fatigue, and adaptational bodies with T approximately=20 degrees C.Applications of thermal
problems imagers include: forward looking infrared radar;wxnightww
NP. xivv234; PP. 8/1-10; 9 Ref.; OP. Dec. 1985 **vision-w goggles;low light level TV cameras;and helmet-mounted
ENG sight/display.Modelling aspects of the TIs are discussed together
Conference paper with the detection, recognition and identification ranges.Mine TI
PRICE 0. R.; MCLEAN W. E. with different detector technologies were tested in

ground/laboratory tests.A high resolution TI installed in the
EUROVISIONIK for PAH 2 and HAC 3G -- helicopters-- is

886065493 mentioned.Aspects of rotor blade interference with a mast-mounted
**Night*= * vlsion** support devices: human engineering integration sight (M1S) are presented
The authors describe the results of several operationally oriented NP. vi+100; PP. 86-91; 15 Ref.; OP. 1985
efforts conducted tO improve visual performance, Cockpit lighting. ENG
and flight Information transfer in conjunction with the use of Conference paper
-night- -- vision- goggles.The efforts include an operational BOHM H. D. V.
definition of NVG compatible lighting, a recommended approach to
improving depth of focus, an attempt to expand field of view, and
a description of a NVG HUb using optically injected flight 886018482
data.All efforts center around using or modifying current AN/PVS A new approach to on-vehicle testing of --night-- -- vision-*
NVGs used Dy US forces systems
NP xiv+234; PP. 6/1-8. 0 Ref.; PP. Dec. 1985 Noise equivalent temperature difference (NETO) measurements are
ENG compared with minimum resolvable temperature measurements for
Conference paper testing **aircrafth* -night- -vision*- systems
GENCO L. V. (NVSs).ReilabIlity and field failure data substantiate that NETD

tests are adequate for thermal imaging NVS maintenance.Newly
developed test targets now make possible a simple, lightweight.

886065492 automatic on-vehicle NVS test set
Visual and Spectroradiometric performance criteria for --night-- NP. 285; PP. 233-7; 5 Ref.; OP. 1985
-*vision-* goggles INVGI compatible -'aircraft-* Interior lighting ENG
A draft military specification has been developed for Conference paper
NVG-compatibilr -aircraft- Interior lighting under US trn-service FRANK J. D.; PARRISH R. E.: DURAZO M. A.
sponsorship.The specification is based on the utilization of the
specific type of NVG. namely the AN/AVS-6 Aviator's --Night--
=*ViSion,* Imaging System (ANVIS).The authors describe the 886005062
performance requirements and testing methodology established in Night eyes for combat
the Specification and the rationale for developing these Discusses the developments of **nlght*-e'vision** goggles (NVrl
requirements electronic light-amplifying binoculars which, by use of image
NP xiv÷234. PP 5/l-11; 11 Ref.: OP. Dec 1985 intensifiers. produce bright pictures with adequate detail to
ENG allow high-speed low flying at night, even in no-moon condltions.A
Conference paper variety of NVGs have been tested in the Nightbird program
BREITMAIER W A . PEETZ F VOLý 40; NO. 5; PP. 455-7; 0 Ref.; DP. May 1985

ENG
Interavia (Engl.Ed.) (Switzerland)

886065491 Journal paper
FLIR. NVG and HMS/O systems for ,*helicopter-. operation, review WANSTALL B.
'$Helicopter-* flight trials have been carried Out at night using
examples of all the vtsionic aids (FLIR. LLLTV. NVG, HMS/O and
Direct View Ooticsi for piloting and Observation tasks The 883009804
detection, recognition and identification ranges Of nine different Electro Optics trends
FLIR were tested in grourd and laboratory tests.The evaluation of For the past five years the US Army Electronic Research and
an optical sensor platform location in the "'nelicooter- nose-. Development Command s -- Night.- '*Vision** and Elei*r' Optics
roof- and mast-mounted versions. the comparison of thermal and Laboratory INVEOL) has been conducting programmes directed towards
intensifier images and the NVG compatible cockpit were topics of developing an improved class of electro-optical systems capable of
the tests The author describes in detail the optical sensors with performing many of the targec detection, classification, and
their Imitat1ions and gives somr. results of the trials, with recognition tasks now performed by man.These programmes are
regard to the pilots stress situation and eye safety individually Outlined and discussed
NP xiv.234 PP 211-27, 23 Ref .: OP. Dec 1985 NP. xiii*438; PP 317-19; 0 Ref ; OP 1982
ENG ENG
Conference paper Conference paper
S H D V CHAPMAN C. W.. GRANT W T ; GIBSON J. F.; SHURTZ R R

886065490 883004724
Image intensifiers past and Present ifor hintgnt0 **vision-= Electroluminescent lighting and other techniques for improving
enhancement I -night.- -vision-- goggles compatibility With Cockpit OiSplays
rhe evolution of the image intensifier is presented from the first Standard night lighting for most -aircraft- Cockpits results In
through tne fnird generation technological advancements during the a lighting configuration that is not compatible with the use of
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**night *vision* goggles. One specific example discussed is the 880055783
US Air Force PAVE LOU III *,helicopter*,. a modified version of A helmet-mounted display system for attack -- helicopters--
the i-53H Both wavelength and geometric light control techniques The function of the helmet-mounted display is to provide -*nightl

were developed and applied to this Cockpit to make It compatible -- vision-- information to the pilot in a manner which will allow
with the . night" -- vision-- goggles.A combination of light nap-of-the-earth (NOE) navigation, target ident fication. weapons
control film (3-U micro-louvre). color filters, infra-red blocking aiming, and to provide daytime symDology.The coibat mission
filters, electroluminescent light and anti-flare baffles were used requirements dictate that the crew rapidly exe-ute a number of
to Successfully retrofit the cockpit for --night-- -- vision-- complex and crucial decisions based on informat.c'n from a
goggle use.Some of the techniques are applicable to reducing sophisticated array of sensors and weapon systems. Bec,,'se the HMD
windscreen reflection, thus. improving unaided Cnight* 1s coupled to the pilot's head, he sees a wide field-of-view (FOV)

vi sion- through the windscreen presentation no matter what his head line-of-sight (LOS) light be.
NP. xlv+348; PP. 29/1-6; 5 Ref.: OPP 1982 and therefore he is not constrained to a 'head down' posilion to
ENG obtain the required display information.The pilot's LOS is tracked
Conference paper with a helmet-mounted sight and provides command signals to point
TASK H. L.; GRIFFIN L. L. the sensors and weapons in a closed-loop system (called a visually

coupled system)-The pilot can turn his head, place the crosshair
reticle on a target, pull the trigger, and fire a weapon in day or

C82021916 night conditions
How to get a grip on TADS/PNVS NP. 254; PP. 38-9; 0 Ref.; PP. 1980
Describes the methodology, trade studies, subjective evaluation. ENG
and applied experimental techniques employed in the design of Conference paper
multi-function hanagrip controls.These hanogrips, used in WALKER D. J.; VERONA R. W.; BRINDLE J. H.
acquiring and tracking ground targets from a -- helicopter--, were
developed as part of the Target Acquisition Detection System
(TADS) and Pilot's -- Night.- -- Vision-- System (PNVS).Although the B80051483; C80033751
studies we'e directed toward designing a specific set of Simulation of a -- night-w -- vision-. system for low level
handgrips, tne basic criteria and techniques can serve as -- helicopter-* operations
guidelines for future hanogrip designs Describes an experiment which explored the problems and
NP. xiv÷782; PP. 250-3; 2 Ref.; OP. 1981 possibilities of a helmet mounted display for -- helicopter- night
ENG piloting tasks, using real time simulation techniques.hne author
Conference paper Shows how the various components of the proposed system were
TRABOLD F. W.; HOUSMAN M. T. modelled and incorporated into the simulation.He discusses the

experimental design for the trials and how the limitations of the
simulation were taken into account.The results Of the work are

B81043412 described
'-Helicopter-- -- night- -- vision-- systems NP. x+256+34 appendix; PP. 24/1-14; 0 Ref.; Pp. 1980

The research programme described incorporated the use of the Sea ENG
King "'helicopter*" which was equipped with a number of Conference paper
electro-optical imaging systems and supporting avionics.The BARRETT J. N.
various forms of --night-- -- vision-- systems investigated
included a TV system. -*night,-*,vlsion-* goggles, a
helmet-mounted display, an approach and land aid C80020900
NP. 40; PP. 6/1-6: 0 Ref.: PP. 1981 **Helicopter** pilot performance and workload as a function of
ENG x-night- -- vision-- symbologies

Conference paper A study was undertaken to investigate several human factors
BARRETT J. N. Questions of man-machine integration mediated through infrared

video displays and symbologles.A full six-degree-of-freedom motion
Simulation of an advanced US Army -- helicopter-- flying a night

881039292 NOE scenario was conductitd.The dynamic visual scene was optained

IEE Colloquium on '-Helicopter-' Guidance and Navigation Systems from a video picture of a terrain board and three-candidate

The following topics were dealt with: recovery of -whelicopters** computer generated flight corltrol symbologies were video-mixed

in poor visibility, requirements for navigation and guidance, with the scene.Six experienced x*helicopter-- pilots were employed

support of the Ncrth Sea oil Industry. the MADGE approach aid. as subjects and trained to fly a scenario incorporating multiple

inertial and autonomous guidance techniques. .wnightw -- vision-- precision hover maneuvers which varied in difficulty and task

piloting systems, wire detection. abnormal behaviour of Doppler loading.The experiment was designed to assess pilot performance.
navigation systems, rotor blade radar.9 papers were training requirements, and wOrk-lOad as a function of the three
presentedAbstracts of individual papers can be found under the symbologies
relevant classification codes in this or future issues TOME. II; NP. xxv458; PP. 995-6; 3 Ref.; Pp. 1979
NP. 40; PP. 1981 ENG
ENG Conference paper
IEE Colloquium on 'Helicopter Guidance and Navigation Systems' HARTZELL E. J.
Conference proceedings

C8000i 164

B81038555 Scan converter and raster display controller for --night--

Development of an aviator's ,nighnt **vision** imaging system -- vision-- display systems
(ANVIS1 Describes a modular Raster Display System and its functional
Historical background Is presented Of the US Army's requirement modules.The system allows for digital scan conversion of images of

for a high performance. lightweight. ''nighnt' --vision-- goggle electro-optical sensors and for digital storage of images with

for use by -helicopter*" pilots.System requirements are outlined several gray tones.With the help of the digital symbol generator
and a current program for development of a third generation image digital information can be converted into symbols which again can

Intensification device is described.Primary emphasis is on the use be superimposed on the sensor image. Superposition of two sensor

of lightweight. Precision molded, aspheric plastic opticil images can be performed with the same equipment.Some technical

elements and molded plastic mechanical comoonents.System concept. features are discussed which exceed the common modes of current

design, and manufacturing considerations are presented display systems and may hPlp to support missinn% nf military

VOL. 20; NO 2; PP. 208-11; 1 Ref.; PP. March-April 1981 -- helicopters-- flying low level at poor visibility conditions

ENG NP. vi - 238; PP. 7/10; 0 Ref.; PP. 1979
Opt Eng (USA) ENG
Journal paper Conference paper

EFKENAN A ; JENKINS D KILLIAN H. W.; VOSWINCKEL W.

881038138 A80001364
Development of an aviator's *wnightv- -vision-- Imaging system Diamond-turning of optics Is stimulating other applications or
(ANVIS) Ione good turn deserves another'
Historlca' background is presented of the US Army's requirement The existing and planned manufacturing technology programs of the
for a high performance, lightweight. ,*nighto $*vision** goggle Department of Defense are discussed. and their coordinated
for use by *whellcooter** pilots System requirements are Outlined relationships through the Precision Machine Tool Technology
and a current program for development of a third generation image Program are explained.New applications extending the horizon of
intensification device 15 described Primary emphasis Is on the use interest in diamond turning and precision engineering include an
of lightweight. precision molded. aspheric plastic optical Army w*night-* *-vision** goggle, flight simulator optics.
elements and molded plastic mechanical components.System concept. **aircraft** windscreens, coupled cavity traveling wave tube
design. and manufacturing considerations are presented components and shaped charge liners.A project to diamond turn
VOL 2W0. PP i8-23: I Ref . PP 1980 glass is also discussed
ENG NP vi116. PP 2-7; 25 Ref, OP 1978
PrOC SOC Photo-Oct Instrumf Engi.(USA) ENG
Conference paper Conference paper
JENKINS P , EFKEMAN A SAITO T T., SAITO T Tied I
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A79001584; 879038787 **Night** **vision** Imaging system development for iow level
Revolutionary optics and electronics manufacturing (diamond *'hei1copter*- pilotage
turning) Flight test data of low level night operations (LLNO) In UH-I
Diamond turning is a revolutionary manufacturing method for optics **helicopters** using electro-optical limage forming sensors as a
and traveling wave tube (TIT) components.Spectfic **night** pilot flight aid is presented, along with details of the systems"--vislon** and electrooptical applications are discussed. Diamond used in the investigations.Significant findings and major problem

turning State-of-the-art is reviewed and suimmarized.Battelle's new areas driving future work are given along with some present
Omega-X machine is discussed including the Impact of their 75 nm -- night-- --vision-- pilot aids.Finally, long range **night**
contour accuracy on a 5 cm diameter piece.Progress on the ARPA'S **vision** developments for **helicopter** pilotage are examined
state-of-the-art machine design being performed by the Lawrence NP. viit286; PP. 13/1-5; 0 Ref.; OP. 1975

Livermore Laboratory is included ENG
TOME. IIl; NP. 500; PP. 1208-11; 13 Ref.; OP. 1979 Conference paper

ENG STICH K.
Conference paper
SAITO T. r.

576002610; C75027408

IR thermal imaging sensors for *-helicopters**
877022270 The general requirements are considered for **night** **vision*'

Use Of *night- -vlsion** systems by the Land Manager sensors which can assist the **helicopter** crew in their flying
For two years. the USDA Forest Service has been engaged in an R&D and tactical tasks during night operations.It is shown that two
program to expand -- helicopter-- firefighting operations py use of classes of sensors are needed, one for the pilot to fly the
S*nighit- -- vision-* technology.As a result. Land Managers are *"helicopter-- and the other for surveillance aid target

beginning to utilize some of the systems and devices for other acquisition.The performance parameters for each class of sensor

tasks as well.These include law enforcement on National Forests. are analysed and some of the constraints and compromises on the
surveying techniques, nocturnal game studies, search and rescue sensor design are considered.The parameters thus derived ShOw that
and reconnaissance duties.This paper describes the equipment In a coemmon sensor is not compatible for both the flying and target
present use. training requirements, and typical operations acquisition functions.Some of the vehicle integration and systems
NP. vt÷162: PP. 48-54; 4 Ref.; OP. 1976 Interface aspects are discussed to indicate that the final
ENG cost-effective choice is most likely to be determined from the

Conference paper overall system considerations rather than that Of the IR
SHIELDS H. J.; FREEMAN C.(Ed.) sensor.Display requirements for both functions are shown to lead

to larger units than are currently considered possible for cockpit
installation, and matching of the sensor, display and operator

876022662 performances are likely to be the main problem in future systems
A programnable raster-Dased display system for use with NP. vii+286; PP. 11/1-4; 0 Ref.; OP. 1975

electro-optical sensors ENG
Describes an experimental airborne. programmable raster-cased Conference paper
electronic display system, capable of generating a variety of HOLMES F. A.
symbology and superimposing this on a picture of the outside world
provided by a forward looking daylight or low light television

camera.ExampIes of the symbology which can be generated by the 876002607; C75027404

display system are described, and In particular the paper explains *-Helicopter-- avionics-UK research progranmme
the Initial sympOlogy chosen for flight trials to Investigate the A limited review of the status of UK avionic systems for
potential Of *-night" -- vision-- sensors for low level, high "*helicopters-- is given and the current needs of military

speed flight at night.The philosophy of superimposing flight *"helicopters-- discussed.The rapidity with which the use of
information on the picture from a -*nighnt-- -vision- sensor is *"helicopters* has grown iS Such that it is no longer possible to
discussed and it Is concluded that superimposed symbology is meet these needs by simple modification of off the shelf
necessary if an "*aircraft*e's night time capability is to be equipment.A programme of research and development work

effectively extended specifically directed towards the needs of -- helicopters-- is
NP. v.+432; PP. 37/1-9; 4 Ref.; OP. 1975 Outlined.This programme IS centred around the use of a Sea King Mk

ENG I **helicopter** and is aimed at equipping this vehicle with a
Conference paper number of new equipments in the areas of flight control.
WHITE R. G.; HAMILL T. G. electronic displays and computer aided navigation.Particular

emphasis is placed on the development of -- night-- -- vision--

systems for use in **helicopters** and an experimental pilot's TV
076014370 system is described.This will be used to explore fundamental
Video amplifier and grid driver for helmet-mounted aspects of imaging system prior to the use of an LLTV camera for
"*-night*'--vlstiOn" display typical night flying tasks
In this system, a small projection c.r.t.and its driver are NP. vii-286; PP. R-/1-7; 3 Ref.; DP. 1975
located inside the **helicOpter** pilot's helmet, where there is ENG
no room for the video amplifier which must be inserted between the Conference paper
television camera pickup and the television display driver.The JOHNSON H. B.
video amplifier Is, therefore, located In a separate
helmet-electronicS package Which may De placed on the floor of the
00aircraft$*.The problem Of coupling the video amplifier output to B76002606; C75027401

the input of the drivers while still maintaining frequency H-53 night operations
response over the relatively wide video band is solved by a The H-53 Night Operation System (NOS) includes -- night-
coaxial cable and feedback circuit with an adjustable capacitor **vision** equipment and an approach and hover coupler.The
NP. 2; OPP 10 Sept. 1975 automatic approach and hover coupler subsystem permits the pilot
RCA, Princeton. N J , USA to transition automatically over all types of terrain. including
ENG mountains, from search altitude and cruise speed to a hover and
Report automatically maintain the hover.The -- night" -- vision--
NaGLE J H . SMITH E M. equipment extends this capability to night flights.The basic

system was declared operational py the United States Air Force
following a ninety-day combat evaluation in Southeast Asia.It is

876002612; C75027410 also used by foreign military. Extensive flight testing and

Low level night operations of tactical *nelicopters" operational use have led to additional development tests to
The initial results are presented of the US Army s LOW Level Night further the capabilities of Night Operation System.Flight test

Operations Program. an on-going research program to define avionic results of a prototype symbology generator and prototype
equipment parameters for low level night and adverse weather electronic location finder hover coupler are discussed, along with
conditions Results Of the program Include quantitative data on the the *Mnight* -,vision"' equipment and the acproach and hover
performance of pilots flying at low level with varying levels of coupler

avionic equipment augmentation (e.g.none. -- Night*. *ViSIon** NP. vt1286W PP. 5/1-8; 4 Ref . OP. 1975
Goggles. FLIR. LLLTV and Radar)isimulation and experimental flight ENd
test data on conceptual systems (e g.symbolically augmented visual Conference paper
imaging systems as well as experimental measurements of various MILLS R L

candidate hardware for obstacle detection (e.g.radar. 10.6 mu
laser. gated llseriL Sup 3TV and 8-14 mu IR).The results of these

tests are utilized to develop preliminary conceptual avionic C75027402
systems for low level night operations as well as to Identify US army experience in low-level night flight
areas in onich additional research is requiredFuture research Current developments and testing have demonstrated an improved
efforts directed to Identified barrier problems will also be capability in night flight, using either selected specialists
presented witnout **night* e *vlSlOnh6 systems or a wider group of aviators

NP vil-286; PP 14/1-14. 6 Ref . OP 1975 aided by the **nIgnt** **vision** goggles.The electroluminescent
ENG formation flight lights and rotor-tip lights nave greatly

Conference paper Increased safety In formation flights at night But each approach
KENNEALLv W J has Deen hampered Dy design limitations in display panels, poor

lighting Quality and poor lighting control in the aircrew

stations Landlng in dark unimproved areas, navigation over

0760102611. C7SO21409 unfamiliar terrain and target ar.,;saltIon also present special
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problems which nave not yet been completely overcome strike capability and a need for both Navy and Air Force in future
NP. vii-286; PP. 6/1-6: 6 Ref.; pP. 1975 Joint operations.
ENG CLAYTON R. E.
Conference paper Report
BAUER R. W. Final rept; NP. 26; OP. 20 May 91.

ENG

875043890
Development of an advanced display for a wide field -- night- TIB/B91-01490/XAD
-- vision-- system .*Helicopter.. integrated Helmet requirements and test results.
Covers the design, development and test of a wide angle version of A modern Integrated helmet (ilH) consists out of two Image
pupil forming Head-Up Display System.The unit was designed for Intensifier Tubes (IIT) and two Cathodes Ray Tubes (CRT) with an
installation in a UH-t **helicopter-* cockpit and has the optical System including combiners to present the images
following characteristics: 60 degrees horizontal by 33 degrees binocular.Additional symbology can be superimposed to the CRT- or
vertical field. 2.7 in.*5.1 in (69-130 mm) pupil located at (36 II

T
-lmage.An IH is a further development of a Helmet Mounted

cm) from a curved combiner.The weight Is 55 lbs 125 kg) Display (HMD).A Helmet-Mounted-Sight (HMS) can steer a sensor
NP. 56; S4.25; DP. June 1974 platform with a thermal camera or an air-to-air missile system.The
Farrand Optical Co. Inc.. Valhalla, N.Y., USA main *-helicopter-- (HC) requirements of such a system are: human
ENG factors;optimlzed day. twilight and night optical modules;large
Report exit pupil, good transmission of the optical path and a large
ATTLER A. R.; SHENKER M.; PARR A. adjustment range;fit of helmet Including optimized centre of

gravity(CG) and weight;go00 geometrical resolution/Modulation
Transfer Function (MTF) with a large Field of View (FOV);hlgn

A74019154; B74O11617 focussing range of the IIT and a good S/N ratio below 1 mLux;CRT
Application of semiconductor laser diode arrays automatic brightness and contrast control;flight symbology
Injection laser arrays nave been primarily used as Illuminators presentation for one or two eyes;g•od static and dynamic
for active gated **night*-**vilson* applications to provide HMS-accuracy with a large Head Motion Box (HMB);NBC and Laser
snort pulses of light at a high PRF.In this way, an intensifier protection compatibillty.MBB and the Army Corps have made In this
can be gated on just when the light returns from the target. year ground and flight trails with an Integrated Helmet and a HMS
eliminating back- scatter and haze effects.Gate responses as short on a PAH 1 respectively a BK 117 *-helicopter**.The paper will
as 3 ns and laser-pulse fall times as short as 20 ns can provide present IH requirements for HC application and some test
10-ft gate edges and 25-ft gate windows for a 50-ns results.(orig.).(Availabile from TIB Hannover: RN 3775(0596-91).)
pulsewidtn.These parameters were required to allow ground vision (Copyright (c) 1991 by FIZ.Citatlon no.91:OO1490.).
for a hovering **helicopter** operating above 25-ft altitude and BOEHM H. D.; SCHREYER H.
generating thick dust Conference
NP. 101 pp; PP. 55; 0 Ref.; OP. 1973 Microfiche only.; NP. 17; OP. May 91.
ENG ENG
Conference paper
HERZOG D. G.

AD-A238 767/8/XAD
Microcomputer Enhancement of the Articulated Total Body (ATB)

670020716 Biodynamic Modeling System.
Advancements in --night-- -vlsion- systems using pulse gated The Articulated Total Body (ATB) Modeling System is needed to
viewing and laser ranging techniques address a variety of new technologies and challenges which are
Significant performance Improvements of night viewing systems are changing the operating environment of aircrews.These changes
realized through the use Of pulse gating, where the receiver is include increasing *-aircraftn- performance. which increase the
gated In synchronism with a pulsed source.These pulsed sources need for expanding the safe ejection envelope.The increasing
provide wide field illumination at wavelengths matched to the complexity of the weapon Systems, cockpit, and missions have also
response of the image intensifier tube.Beam forming optics, stimulated the development of equipment to aid the aircrews:
thermal considerations, array configuration and cooling techniques **night** **vision** goggles, helmet mounted sights, and helmet
for illuminator systems are discussed.A laser ranger utilizing a mounteU displays.Each of these devices has the potential for
narrow field of view nas been developed for use in conjunction impacting the safe ejection envelope and increasing the injury
with these pulse gated systems.Integration of the laser ranger potential of an ejection (as well as increasing the fatigue of
Into a gated system and system performance characteristics are normal flying).While microelectronics. fiber optic technology, and
described miniaturization can keep the equipment weight small, even these
NP. 319. PP. 11-15; 0P 1969 weights at 15 G ejection acceleration may pose a substantial
ENG injury hazard.
Conference paper SPIEGEL A.; HYSLOP R. L.
JORDAN T.; RIORDAN R. STANEKENAS R. Report

Final rept. Dec 88-Jan 90; NP. 712: PP. Jan 90.
ENG

AP-A241 057/9/XAD
''Night'' ,'VIsion'' and ,-Night." "-Visionur Goggles.
"Nlght" *Vision' Goggles (NVG) do not turn night into day. In AD-A237 641/6/XAP
fact. they have limited performance capabillty.Tnis article Human Factors of -- Night.* *-Vision-- Devices: Anecdotes from the
addresses the rationale for low light operations, how NVGs work. Field Concerning Visual Illusions land other Effects.
and various NVG 1imltations. Knowledge of the NVG performance To investigate the breadth of visual illusions experienced by
envelope, inherent NVG limitations, effects of human vision aviators flying with --night-- -- vision-* devices (NVOS). an
deficiencies, and factors of self-imDosed stress, constitute the open-ended questionnaire was distributed to the military
formula for determining safe maneuver limits.The article concludes -- helicopter-- community in the fall of 1989.Of the 242 returned
with recommendations to improve NVG use and affirms that NVG are questionnaires, there were 221 **nignt- **vision** goggle (NVG)
safe for **helicopter-- operations, reports and 21 thermal imaging system (FLIR) reports.Most sensory
OLDHAM T W. events occurred at night, during low illumination. good weather.
Report and over varied terrain.ContrlbutIng factors included
Research rept; NP 43; OPP Jun 90. inexperience. division of attention, and fatigue.Frequently
ENG reported illusions were misjudgements of drift. clearance, height

above the terrain, and attitude.Also reported were illusions due
to external lights, and distributed depth perception caused by

AO-A240 463/0/XAb differences in brightness between NVG tubes.Other respondents
CV Dower Projection. The 'Night Stuff cited hardware problems and physiological effects.There were no
The primary mission of naval -- avlatlon*- is power projectionOver obvious differences between the experiences of NVG users and FLIR

the years, in order to successfully conduct this mi-ýlon. the users.Although incidence rates cannot be inferred from these data,
threats encountered nave driven tactical air to the night, low the variety of expected aviator anecdotes in this report will be
altitude environment Is this still a viable task for the Carrier useful to all those concerned with human factors and safety of
Battle Group (CVBG) and Is it still necessary to Support the NVDs.
operational commander will lessons learned from Desert Storm CROWLEY J. S.
indicate a need to redefine the ole of the CVBG and give the Report
night interdiction mission entirely to the Air Force.A brief Final rept; NP. 49; OP. May 91.
review of the development of night systems is conducted, current ENG
capabilities are discussed and a Comparison of Navy and kir Force
systems is presented The combined use of **night*- *-vision**
goggles with state of the art forward looking infrared (FLIR) A0-A233 79B/8/XAD
systems in Navy F/A-18s and A-6s IS more flexible and provides Evaluation of **Night.- ,VisiOn- Goggles for Maritime Search and
more capability in some scenarios and environmental conditions Rescue.
than is available from the Air Force FLIR only systemS.The lessons Experiments Were conducted to evaluate -- night-- -- vision-
learned from Pesert Storm are numerous and important. but can not goggles (NVGs) for their effectiveness in detecting small targets

applied to all future conflicts Geography made it very difficult at night.Three types of NVGs were evaluated, the AN/AVS-6 Aviators
for naval **aviatlon-h In the war against Irao and the next *-Night.V**Vision** Imaging System (ANVIS) NVG was tested onDoard
conflict may find the Air Force facing a similiar problem This Coast Guard HH-3 and CH-3 **helicopters--. and the ANPVS-5C and
Paper contends there Is still a need for Improving our night AN/PVS-7A NVGs were tested onboard al-foot Coast Guard utility
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boats.During the spring 1990 experiments. simulated Persons In the NTIS Database).
water wearing orange personal floatation devices, retroreflective The bibliography contains citations concerning the design.
tape, and either a green personnel marker light or a red safety development, and applications of various **night** **vision**
light;4- and 6-person life rafts with and without retroreflective devices.Included are design and development of components and
tape;and 18- and 21-foot white boats were employed as targets systems involving display screens and goggles, operational tests
during real istically-simulated search missions.A total of 1355 and effectiveness evaluations, and associated studies, such as
target detection opportunities were generated for tne cockpit lighting requirements when *wnight** **vision** devises
above-mentioned target types during four experiments. These data are used.Applications include **aviation**, military, and law
were analyzed to determine which of 25 search parameters of enforcement uses of **night** **vision** devices.(The bibliography
Interest exerted a statistically-significant influence on target contains 130 citations with a subject index.).
detection probability. Lateral range curves and sweep width Report

estimates are developed for each search unit/target type Rept. for Jan 80-Jun 91; Supersedes P889-873459; NP. 39; OP- Jun
comoination.Human factors data are presented and 91.

discussed.Recommendat iOns for conducting NVG searches for small ENG
targets are provided.
REYNOLDS W. H.; ROSE R, 0.; HOVER G. L.; PLOURDE J. V.

Report N91-19091/B/XAD
Interim rept. Mar 89-Sep 90; NP. 112; PP. Aug 90. M8B's Involvement in Military -- Helicopter-* Programlmes.
ENG A briefing of the studies. projects. and programs are

reviewed.Previews and diagrammatic explanations of the following
programs are given: Escort -- Helicopter- (BSHI);PAH1 Upgrade;80

AD-A229 392/6/XAD 108;HAP - PAH2/HAC;NH 90;Advanced Light **Helicopter** (ALH);lead
Evaluation of "Night.- -- Vision*- Goggles for Maritime Search and concept 'HC 2000'. second generation escort "*hellcopter*-;and
RescueVolume ITechnical Report. EUROFAR.The technology basis of the company is broad and Is
Three experiments were conducted during 1989 by the US.Coast continuously extended.Future -'helicopter-- development is
Guard Research and Development (Rb) Center to evaluate *-night-- exclusively a subject of international cooperation and MBB is
**vision** goggles (NVGs) for their effectiveness In detecting fully prepared to play an active role In this respect.

small targets at night.Three types of NVGs were evaluated: the HUBER H.
AN/AVS-6 Aviators "Night-- -. Vision-- Imaging System (ANVIS) NVG Conference
was tested onboard Coast Guard HH-3 and CH-3 *-helicopters**. and NP. 49; OP, Nov 89.
the AN/PVS-5C and AN/PVS-7A NVGs were tested onboard 41-foot Coast ENG

Guard utility boats (UTBs).Simulated persons in the water (PIWs).

4- and 6-person life rafts. 18- and 21-foot white boats, and
white, personal flotation device (PFD) strobe lights were employed AD-A231 759/2/XAD
as targets during realistically-simulated search misslons.A total Formulative Evaluation Study of a Prototype Near-Infrared
of 1.490 target detection opportunities were generated during the Projection System: -- Night.- -*Vision-* Goggle Study.
experimentJ.These data were analyzed to determine which of 25 U.S.Army **Aviation** relies upon image Intensifiers, Such as
search parameters of Interest exerted a statistically-significant **night** #*vision*- goggles (NVGs), for night nap-of-the-earth
influence on target detection probabllity.Keywords: Search and (NOE) flight.During initial flight training. OH-58 student pilots
rescue, **Nighrt*, #visionwo. **Night** **vision** goggles. Sweep are expected to apply academic knowledge of NVG use in flight
width. Unlighted targets.(JSI. after limited review.To facilitate OH-58 students' transition to
REYNOLDS W. H.; ROBE R. 0.; HOVER G. L.; PLOURDE J. V. NVG flight, researchers projected images through a prototype
Report near-infrared (tR) video projection system.w-Helicopterw pilot
Interim rept; See also Volume 2. AD-A229 393; NP. 92; PP. Apr 90. students received hands-on experience with the AN/PVS-5A NVGs.
ENG which are compatible with the projection system's Output

range. Instructor pilots rated OH-58 students' flight performance
throughout the night/NVG phase of Instruction.A strong positive

AD-A233 619/6/XAD effect oh students' confidence (increase) and anxiety idecrease)
Survey of Fleet Opinions Regarding Unaided Vision Training Topics. levels were ObservedNo difference in flight performance was
Unaided vision topics have been part of aircrew training since at observed between matched pairs (experimental vs.control) of
least World War II.Yet. little information exists regarding the students.Addltional research is planned in the areas of safety of
operational utility of the instruction.ThiS survey required 341 flight, terrain navigation, special operations, mission planning,
Navy and Marine Corps pilots to rate the frequency of traditional and threat recognition.
training concerns as a real problem for operational flying.A PEDRONI G. M.; INTANO G. P.

forced choice, four point scale including NEVER. SELDOM, OFTEN. Report

and ALWAYS response options was used.None of the 14 topics Interim rept. Aug-Dec 88; NP. 38; OP Jan 91.
considered obtained an overall mode response rating of less than ENG
SELDOM.The topic of Veiling Glare obtained a mode ratlng of
ALWAYS.The frequently researched topic of Dark Focus was among AD-A230 237/0/XAD
those topics receiving mode ratings of SELDOM.NO well-defined Field Evaluation of the Compatibility of the Protective Integrated
differences among -- aircraft-- communities were revealed. Hood Mask with ANVIS -- Night-- -- Vision-- Goggles.
TRAUTMAN E.. LITTLE W.; MITTLEMAN M. An evaluation was conducted to determine potential compatability
Report problems found while wearing the Protective Integrated Hook Mask
Technical rept. NP. 86; OP Dec 90. (PIHM) with the Aviator's -- Night-- -xVisiOn-w Imaging
ENG Systems(ANVIS).The PIHM is worn under a standard HGU-55/P helmet

and is designed to protect USAF aircrew members In a chemical

environment.ANVIS is mounted in the front of the PIHM visor using
AD-A233 518/O/XAO a special bracket.The evaluation consisted of tests performed at
Conspicuity Comparison of Current and Proposed U.S.Army Wire Pope AFB. NC using qualified C-130E crewmembers.Examlnatlons of
Marker Designs horizontal and vertical intensified fields of view. Cockpit
In-flight wire strikes are a serious threat to U.S.Army lighting capability, and a limited fit evaluation were
-auiation- during all-weather daytime and nighttime conducted.Testing showed that ANVIS/PIHM viewing resulted In
**helicopter** operations To reduce tnis threat, the -avlation-. average losses of horizontal and vertical fields of view of 2.6
training community employs a passive marking system for increasing degrees and 2.1 degrees.C-130E cockpits lighting Interference was
the conspiculty Of high tension cables, electrical power lines, not found when viewing through the AVIS/PIHM. or under the ANVIS
and telephone wires This system uses international-orange through the PIHM visor.No significant problems in achieving proper
fiberglass spheres having a diameter of approximately 11.5 inches fit with ANVIS/PIHM were found.Overall conclusions were that
and utilizing various conspiculty enhancing schemesThese spheres potential compataiility problers . A.vT and PIHM integration can
are attached to the cables and wires at locations heavily used by be reduced Or eliminated with p,.oper fit and adjustment of the
-aircraft- In this study, the conspicuity of the basic and ANVIS/PIHM.(emk).

proposed modified designs was Investigated as a function of RIEGLER J. T.; DONOHUE PERRY M. M.

background. Illumination level (for both day and night with Report
weather effects). sun (or other bright source) angle, and viewing Final rept. Jan-Mar 90; NP. 25; PP. Jul 90.

system (e g., unaided eye. thermal sensor, or image ENG
intensifier) While no differences among designs were observed

under dayllght conditions, improved performance under several
viewing/lIlrhting conditions was observed for two retroreflective Ng9-15169/6/XAD
polyhedron designs under typ•:al **aircraft-- lighting conditions Laser Obstacle and Cable Update Sensor.
at niyht Increased detection ranges were noted both with and The real night foreign weapon evaluation (FWE) program was
without Image Intensification devices and under -- aircraft-- evaluating an integrated night attack avionics suite for an A-6E
ligntirg conditions characteristic of the local .- avlation*. "*aircraft**.The most recent addition to this avionics suite is a
training environment C02 laser terrain following/obstacle avoidance (TF/OA) sensor The
LEVINE R R . RASH C E . MARTIN J S. requirements are described for this type of sensor along witn the
Report characteristics of the system. and some preliminary test results
Final reot, NP 34, OP Feb 91 gathered during A-6 flights,

ENG BULLOCK C. K ; HNtZ R T . TANAKA W

Report
In AGARD, Advances in Components for Active and Passive Airporne

P891g-800045/XAD Sensors 21 p. NP 21; OP Sep 90
Night Visions Devices. January g980-June 1991 (Citat ons from the ENG



B-25

AO-A229 393/4/XAP helmet mounted "Night'' -- Vision'' Goggles (NVG's) nere selected
Evaluation of "'Night-- .- Vision'' Goggles for Maritime Search and for further evaluation.After the 2 axis SAS had been replaced by a
Rescue-Volume 2.Data Appendix. 3 axis CSAS and NVG compatible Cockpit lighting had been installed
Three experiments were conducted during 1989 by the U.S.Coast in the test ''helicopter"-, night low level operational flight
Guard Research and Development (RD) Center to evaluate ''night-' trials were carried out.ThiS paper describes the selection of the
-- vision-" goggles (NVGS) for their effectiveness in detecting NVG's the NVG compatible lighting and presents the pilot

small targets at night.Three types of NVGs were evaluated: the experiences and opinions concerning the low level night flight

AN/AVS-6 Aviators "-Night.- -- Vision"- Imaging System (ANVIS) NVG trials.The trials indicated the feasibility of the concept.A
was tested onboard Coast Guard HH-3 and Ch-3 "helicopters''. and selected equipment package will be retrofitted into the BO-1OS

the AN/PVS-SC and AN/PVS-7A NVGS were tested onboard 41-foot Coast fleet, with the aid of the airframe manufacturer. MBB.A prototype
Guard utility boats (STBs).Simulated persons in the water (PIWs), has been constructed at our Depot at Glize Rijen Airbase.Flignt
4- and 6-person life rafts. 18- and 21-foot white boats, and tests have recently been completed.NATO.
white, personal flotation device (PFD) strobe lights were employed FRIEDERICY R. H.

as targets during realistically-simulated search missions.A total Report
of 1,490 target detection opportunities were generated during the This article is from 'Rotorcraft Design of Operations Held in
experiments.These data were analyzed to determine which of 25 Amsterdam. Netherlands on 13-16 October 1986.' AD-A199 169, p21-1
search parameters of interest exerted a statistically-significant thru 21-8; Availability: Advisory Group for Aerospace Research and
influence on target detection proDability.Keywords: Search and Development, Neulily-sur-Seine (France). No copies furnished by
rescue. '*Night** **vision*'. '*Night** **vision'* goggles. Sweep DTIC/NTIS: NP. 8; PP. Jun 87.
width. Unlighted targets.(JS). ENG
REYNOLDS W. H.; ROBE R. Q.; HOVER G. L.; PLOURDE J. V.

Report

Interim rept; See also Volume I. AD-A229 392: NP. 87; DP. Apr 90. AD-POG5 980/8
ENG Handling Qualities Criterion for Very Low Visibility Rotorcraft

NOE Operations Flight.
The missions proposed for the next generation "helicopter''

N90-28332/6/XAD involve requirements to operate in essentially zero visibility in
Human Factors and Safety Considerations of ''Night"' -- Vision'' the nap-of-the-earth (NOEl environment.Such operations will
Systems Flight. require the use of pilot vision aids. which gives rise to the
Military **aviation'' *'night" '"vision** systems greatly enhance question of the interaction of such displays and the required
the capability to operate during periods of low illumination.After "-aircraft'' handling qualities.This research was conducted to: 1)
flying with *'night'* **vision'* devices, most aviators are investigate the required visual cueing for low speed and hover.
apprehensive about returning to unaided night flight.Current and 2) determine if an increase in stabilization can effectively
-- night' -'vision" imaging devices allow aviators to fly during be used to compensate for the loss of essential cues.Two flight

ambient light conditions which would be extremely dangerous, if test experiments were conducted using a conventional
not impossible, with unaided vision.However. the visual input "*helicopter"-, and a variable stability ''helicopter'', as well
afforded with these devices does not approach that experienced electronically fogged lenses and *"night"* *-vision-' goggles with
using the unencumbered, unaided eye during periods of daylight daylight training filters.The primary conclusion regardirg the
iliumination.Many visual parameters, e.g., acuity, field-of-view, essential cues for hover was that fine grained texture

depth perception, etc.. are compromised when **night** **vision** (microtexture) Is more important than large discrete objects

devices are used.The Inherent characteristics of image (macrotexture). or field-of-view.The use of attizude Command
intensification based sensors introduce new problems associated augmentation was found to be effective as a way to makeup for
with the interpretation of visual information based on different display deficiencies.However. a corresponding loss of agility
spatial and spectral content from that of unaided vision. In occurred with the tested attitude command/attitude hold system
addition, the mounting of these devices onto the helmet is resulting in unfavorable pilot comments.Hence. the favorable

accompanied by concerns of fatigue resulting from increased head control display tradeoff must be interpreted in the context that
supported weight and shift in center-of-gravity.All of these the best solution would be to imprc'e the vision aid.Such an

concerns have produced numerous human factors, and safety issues improvement would require an increase in the visible microtexture,
relating to the use of **night*" **vision** systems.These issues an advancement in display technology which is unlikely to be

are identified and discussed in terms of their possible effects on available in the foreseeable future.NATO.
user performance and safety. HOH R.
VERONA R. W ; RASH C. E. Report
Conference This article is from 'Rotorcr:'t Design of Operations Held in
NP. 23: DP Jul 89. Amsterdam, Netherlands on 13-16 October 1986,' AO-A199 169, p6-1

ENG thru 6-15; Availability: Advisory Group for Aerospace Research and
Development, Neulily-sur-Seine (France). No copies furnished by
DTIC/NTIS; NP. 15; PP. Jun 87.

TIB 'g90-81468,XAD ENG
Requirements of an HMS/D for a night-flying '*helicopter**.
"-Helicopter'" pilots prefer for the night-flying tasks a

combination of electro-optical sensors with different Physical
princiopes in the Infra-Red (IR) and in the near IR spectrum: N90-22930/3/XAD

Thermal Image- t TT or FLIR). ''NinhtY ''Vision'' Goggles (NVG) or Helmet-Mounted Pilot *'Night' '*Vision"* Systems: Human Factors

Low Light Level Television 'LLLTVI The limits of these three Issues.

sensors are in extreme darkness with less than 1 mLux illumination Helmet-mounted displays of infrared imagery (forward-looking

or In heavy rain. fog or snow with temperature differences below infrared (FtLIR)) allow "-helicopter"- pilots to perform low level
0.1 K or wIth cross-over effects respectively.The development goal missions at night and in low visiDility.However. pilots experipnce

for the near future Should be an integrated, lightweight helmet high visual and cognitive workload during these missions, and
with a binocular display on the visor providing two or three their performance capabilities may be reduced.Human factors

sensor imagesThe paper describes operational requirements, human problems inherent in existing systems stem from three primary

engineering aspects and the requirements of an Integrated sources: the nature of thermal imagery;the characteristics of

light-weight helmet with two NVG-tubes and two CRTs to display specific FLIR systems;and the difficulty of using FLIR system for

superimposed NVyl and TI Images with flight flying and/or visually acquiring and tracking objects in the
symbologies.(orig l.(ropyright (c) 1990 py FIZ Citation environment.The pilot ''night"' 'vision-" system (PNVS) in the
no.90:081468 1 Apache AH-64 provides a monochrome. 30 by 40 deg helmet-mounted

BOEHM H D V.. SCHRANNER R display of infrared imagery Thermal imagery is inferior to

Conference television imagery in both resolution and contrast ratioGray
Microfiche only ; NP 15; OP. Apr 90. shades represent temperatures differences ratner than brightness

ENG variability, and Images undergo significant changes over time.The

limited field of view. displacement of the sensor from the pilotrs

eye position, and monocular presentation of a bright FLIR image
AD-PfOS 990/' (while the other eye remains dark-adaptedi are all potential

Development, Testing and Evaluation of a ''Night'- ' Vision" sources of disorientation, limitations in dep'h and distance
Goggle Compatible BO-105 f-r Night Low Level Operation. estimation, sensations of apparent motion, and difficulties in

By request of the Royal Netherlands Army Staff, a test and target and obstacle detection. Insufficient information about human

evaluation program was carried out by the Royal Netherlands perceptual and performance limitations restrains the ability of
Airforce.ne overall aim of the program was to select and human factors specialists to provide significantly improved
Inteorate a package of ''night"' -- vision'' and Supporting specifications, training programs, or alternative

equipment for the 80-lOS C ''helicopter'' that will allow round designs.Additional research is required to determine the most
the clock operations in support of the RNL Army. Specifically at critical problem areas and to propose solutions that consider the

night at low altitudes.An ex civil B0-105 DPB ''elicooter'' was human as well as the development of technology.
used as a testbed in 'he Drogramin addition to the original dual HART S G.; BRICKNER M. S.
pilot IFPR equiprýt (VOR, VOR/ILS. Radar Altimeter and 2 axis Report
Stability Augmentation System). a Doppler Navigatinn System with In Its Spatial Displays and Spatial Instruments 21 p. NP. 21. OP

Maoreader. a TACAN and recording equipment were Installed in the Jul 89.

test '*Peiicooter'' In a pre-evaluation program, two types of ENG
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